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A B STR A C T
The stratigraphy and tectonic significance o f the Late Silurian-Early Devonian(?) 
M offett Creek Formation are poorly understood because o f  structural complexity and 
the dearth o f  fossils. Elsewhere, the M offett Creek Formation has been interpreted as 
melange, because abundant sandstone phacoids are surrounded by a sheared pelitic 
matrix. In contrast, field mapping in the western part o f  the M offett Creek Formation 
and subsequent structural analysis indicate a coherent succession o f  folded turbidites 
that experienced younger thrust faulting. A major flat-lying thrust overlies a northeast- 
vergent footwall syncline indicating southwest to northeast thrusting. Similar fold 
vergence in the overlying Gazelle Formation may be the result o f  a single regional 
deformational event throughout the Yreka terrane.
Pétrographie analysis o f  sandstones in the M offett Creek revealed two 
petrofacies; one rich in metamorphic rock fragments (Lm) and one rich in sedimentary 
rock fragments (Ls). Provenance discrimination diagrams indicate that the Lm-rich 
petrofacies was derived from a crystalline cratonic source, whereas the Ls-rich 
petrofacies was derived principally from a subduction complex, with minor contributions 
from a volcanic arc and a crystalline cratonic source. Petrography o f  olistoliths o f  the 
A ntelope M ountain Quartzite indicates derivation from a crystalline cratonic source. 
Furtherm ore, pétrographie analyses o f  turbidites in the M offett Creek reveal that the 
A ntelope M ountain Quartzite supplied recycled crystalline cratonic detritus to both the 
Lm-rich and Ls-rich petrofacies.
Independent geologic evidence from previous studies in the Eastern Klamath and 
Central M etamorphic Belts indicates the Moffett Creek Formation was deposited either in 
an abyssal plain or trench-floor setting. Sedimentologic and pétrographie evidence from 
the M offett Creek is inconsistent with an abyssal plain setting. Additionally, no evidence
iii
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was observed that was inconsistent with deposition in a trench-floor setting. 
Sedimentological and pétrographie aspects o f  the M offett Creek Formation are most 
consistent with a trench-floor setting during the Late Silurian-Early Devonianf?).
I V
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CHAPTER 1 
INTRODUCTION
Statement o f  the Problem 
This study docum ents the sedimentology, petrology, and structure o f  the western 
part o f  the M offett Creek Formation in the Eastern Klamath Belt o f  northern California 
(Figure 1). The Late Silurian-Early Devonian(?) M offett Creek Form ation is part o f  the 
Yreka terrane and consists o f  eugeoclinal rocks that crop out in a structurally complex belt 
3 to  4 kilometers wide and 45 kilometers long (Figures 2 and 3). The stratigraphie 
development and tectonic setting o f  the basin in which the M offett Creek Formation was 
deposited is poorly understood because o f  structural complexity. Previous reconnaissance 
studies have interpreted the M offett Creek Formation as melange that formed in an early 
Paleozoic arc-trench gap as accreted trench-fill (Hotz, 1977; Potter et al., 1977). The 
term  trench-fill, although used widely, is poorly defined and represents either accreted 
abyssal plain successions, trench-floor successions, or both. Few studies have 
differentiated between these tw o types o f successions because trench-fill is highly 
deformed and fragmented during convergence. This study attem pts to differentiate 
between these two possible origins. The goals o f  this research are to determine the 
depositional setting and interpret the provenance o f  the M offett Creek Formation. This 
project constitutes one contribution tow ards a larger research effort aimed at identifying 
the ultimate source and displacement history o f  lower Paleozoic siliciclastic strata in the 
Yreka terrane (cf. Wallin, 1993).
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Western Jurassic
A rea o f  map
Western Paleozoic 
and Triassic Belt
Pacific
Ocean
Field area
i Eastern Klamath Belt
Eureka
Redding
Central Metamorphic 
Belt
40 mi
50 km
Figure 1 : Map o f the Klamath Mountains Geologic Province. The Eastern 
Klamath Belt is divided into the Yreka (Yt), Trinity (Tt), and Eastern Klamath 
terranes (EKt) (modified after Cashman, 1980).
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Cretaceous and younger deposits 
Mesozoic plutonic rocks (Irwin 1985)
Undivided western Paleozoic and Triassic belt
(Devonian to Triassic)
Eastern Klaniatli terrane (Devonian to Jurassic) 
Primarily volcanic and sedimentary rocks with 
minor plutonic rocks. Black fill includes Copley 
Greenstone and Balaklala Rhyolite. V-pattern 
includes Kennett Fm, Baird Fm, Bragdon Fm, 
McCloud Limestone, Nosoni Fm, Dekkas 
Andésite, Pit Fm, Hosselkus Limestone, and 
numerous Jurassic units (Burchfiel and Davis 
1981; Miller 1989).
Yreka terrane (Neoproterozoic to Devonian) 
Terrigenous metasedimentary rocks with minor 
carbonate rocks. Includes Sissel Gulch Graywacke, 
Duzel Phyllite, M offett Creek Fm, Antelope 
Mountain Quartzite, Gazelle Fm, and various 
disrupted mélange units, including the Skookum 
Gulch schist which contains blocks of Lower 
Cambrian tonalité (Hotz 1977; Potter et al. 1977; 
Lindsley-Griffin and Griffin 1983; Wallin et al., 1988; 
Wallin 1989).
Central Metamorphic belt (Devonian)
Trinity terrane (lower Paleozoic)
Lower Cambrian rocks represented by upper 
pattern. Ordovician ultramafic rocks and 
gabbros with subordinate plagiogranite and 
basalt represented by middle pattern. Mafic 
intrusive rocks of probable Silurian age 
represented by lower pattern.
Figure 2: Generalized geologic map o f the Eastern Klamath Belt and Central Metamorphic Belt showing the location of the 
study area (modified after Wallin and Trabert, 1994).
41" 40'
4 I"3 0 '
20 '
5M Î
S Km
Callahan
Figure 3: Generalized geologic map of the Yreka terrane showing the distribution of 
the Moffett Creek Formation and location of the field area (modified after Wallin et 
al., 1988). In the explanation, each quadrangle is 15 minutes.
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EXPLANATION
Quaternary- alluvium.
Central Metamorphic Belt and Western Paleozoic-Trassic 
Belt (Devonian to Triassic)- undifferentiated.
Gazelle Formation (Lower to Middle(?) Devonian)- 
volcaniclastic sandstone, shale, and mudstone unit.
Limestone blocks (Silurian)- occur as olistoliths within 
the Moffett Creek Formation.
Moffett Creek Formation (Late Silurian to Early 
Devonian(?))- quartzofeldspathic sandstone unit.
Duzel Phyllite (Ordovician-Late Silurian)- 
quartzofeldspathic phyllitic siltstone unit.
» . . .  I,
I. . ' < « *
Sissel Gulch Graywacke (Late Silurian)- volcaniclastic 
sandstone unit.
Antelope Moimtain Quartzite ^eoproterozoic to 
Ordovician(?))- coarse-grained quartzofeldspathic
sandstone unit.
Melange units (Ordovician to Middle Devonian) including 
schist o f  Skookum Gulch, Schulmeyer Gulch, Horseshoe 
Gulch, Lover's Leap, and Gregg Ranch Complex.
Trinity terrane (lower Paleozoic)- undifferentiated. 122°45'
Thrust fault
Normal Fault
Undifferentiated 
fault contact
Figure 3: Contd.
41 30'
Fort
Jones Yreka
Etna ChinaMountain
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Purpose
The objectives o f  this research were five fold:
(! )  Produce a detailed geologic map o f  the western part o f  the M offett Creek Formation;
(2) Determine if the western part o f the M offett Creek is highly disrupted structurally, or 
a weakly deformed sequence o f  well-stratified rocks;
(3) Interpret depositional mechanisms for M offett Creek strata;
(4) Perform pétrographie analyses on sandstones to elucidate the provenance and help 
assess the stratigraphie development o f  the M offett Creek; and
(5) Interpret the depositional setting and tectonic significance o f  the M offett Creek 
Formation.
These goals were accomplished by:
(1) Analyzing stratigraphie and sedimentologic data to determine depositional 
mechanisms;
(2) Comparing sedimentological attributes o f the Moffett Creek to  those o f  deposits in 
Cenozoic abyssal plain and trench-floor settings;
(3) Analyzing pétrographie data to interpret the provenance o f  the M offett Creek; and
(4) Evaluating the relationship between the established regional geologic framework and 
data from the M offett Creek Formation itself.
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CHAPTER 2 
REGIONAL GEOLOGY
The Klamath M ountains are an accumulation o f  arcuate, east-dipping, west-facing 
accreted terranes in northern California and Oregon (Figure 1). The terranes from oldest 
to  youngest include: the Eastern Klamath Belt, the Central M etam orphic Belt, the western 
Paleozoic and Triassic belt, and the western Jurassic belt (Figure 1). These terranes are 
com posed o f  fragments o f  volcanic-arcs, melange, eugeoclinal sedimentary rocks, and 
oceanic crust that were amalgamated by the Late Jurassic (Irwin, 1989).
Rocks o f  the Eastern Klamath Belt range from N eoproterozoic to  M iddle Jurassic 
in age (Irwin, 1989; Wallin et al., 1988) (Figure 2). The Eastern Klamath Belt was 
accreted to the North American continent prior to the emplacement o f  U pper Jurassic to 
Cretaceous (133-125 Ma) plutons that intrude both the Yreka and Trinity terranes 
(Lindsley-Griffin and Griffin, 1983). The Yreka and Trinity terranes are also overlain 
unconformably by the Upper Cretaceous Hornbrook Formation, further indicating the 
timing o f  accretion was prior to the Late Cretaceous. The Eastern Klamath Belt is divided 
into the Trinity, Eastern Klamath, and Yreka terranes (Figure 2).
The lower Paleozoic Trinity terrane is a gabbroic and ultramafic m assif that is 
interpreted as a polygenetic suite o f "ophiolitic" rocks (Wallin et al., 1988; Wallin, 1990; 
Lindsley-Griffin, 1991) (Figure 2). The Trinity terrane is "ophiolitic" only in that it 
contains ultramafic and mafic rocks that have been interpreted as products o f  oceanic crust 
formation (Wallin et al., 1988). The Trinity terrane was long considered to be Ordovician
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in age (M attinson and Hopson, 1972; Jacobsen et al., 1984), but isotopic data indicates 
that the Trinity terrane also contains Neoproterozoic plutonic rocks (ca. 565-570 Ma) 
(Wallin et al., 1988). The presence o f  Neoproterozoic rocks suggests that the Trinity 
terrane consists o f structurally amalgamated, genetically unrelated intrusive rocks and is 
not a fragm ented ophiolite sensu stricto (Wallin et al., 1988).
The Eastern Klamath terrane structurally overlies the Trinity terrane to the south 
and consists o f  sedimentary and volcanic rocks that record Early Devonian to Middle 
Jurassic oceanic-arc magmatism and sedimentation (Kinkel et al., 1956; Burchfiel and 
Davis, 1975, 1981; Irwin, 1989; Miller, 1989) (Figure 2). The Eastern Klamath terrane 
belongs to an extensive belt o f  terranes that are thought to have formed fringing arc 
systems along the North American Cordillera during the mid- and late Paleozoic (Miller, 
1987; Rubin et al., 1990).
The Yreka terrane is a structurally complex succession o f  N eoproterozoic to 
Devonian igneous, sedimentary, and metamorphic rocks that structurally overlies the 
Trinity terrane (Hotz, 1977; Wallin, 1990; Cotkin et al., 1992) (Figure 2). 
M etasedim entary rocks o f  the Yreka terrane have experienced lower greenschist facies 
metamorphism and are less deformed relative to coeval rocks in the northern Sierra 
terrane (Miller and Harwood, 1990). The Yreka terrane is approximately 30 kilometers 
wide, 45 kilometers long, and has a cumulative minimum thickness o f  4 kilometers (Figure 
3). This terrane consists o f  the Sissel Gulch Graywacke, Duzel Phyllite, Antelope 
M ountain Q uartzite, Schulmeyer Gulch melange. Gazelle Formation, G regg Ranch 
Complex, and M offett Creek Formation. These metasedimentary units w ere in part 
deposited synchronously during the Ordovician to Middle Devonian (Figure 4). The 
partial synchroneity o f  these units indicates deposition in a complex and dynamic geologic 
setting. A discussion o f  the M offett Creek Formation is in the next chapter and a brief 
summary o f  the surrounding units is discussed below.
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The Sissel Gulch Graywacke is the structurally lowest unit o f  the Yreka terrane 
and consists o f  volcaniclastic sandstones. This nonfossiliferous eugeoclinal sedimentary 
unit is locally intercalated depositionally with the overlying Duzel Phyllite. Pétrographie 
data indicate that the Sissel Gulch Graywacke was derived from a partially dissected 
magmatic arc (Wallin, 1988). The maximum age o f  the Sissel Gulch G raywacke is Late 
Silurian (ca. 420 Ma) based on isotopic data from single-grain analyses o f  detrital zircons 
(Wallin, unpub. data).
The base o f  the Duzel Phyllite interfingers with and depositionally overlies the 
Sissel Gulch Graywacke and consists o f  calcareous phyllitic siltstone, phyllite, siltstone, 
and minor fine-grained sandstone. A minimum age for the Duzel Phyllite is provided by 
Devonian isotopic ages o f  metamorphism (Cashman, 1980). The maximum age o f  the 
Duzel is Late Silurian because the Duzel Phyllite is interbedded with the underlying Sissel 
Gulch Graywacke.
The Antelope M ountain Quartzite structurally overlies the M offett Creek 
Form ation and consists o f  approximately 700 meters o f pebbly conglomerate, medium- to 
coarse quartzite with sparse red and green shale, and black chert (Potter et al., 1977).
H otz (1977) reported that the Antelope M ountain Quartzite overlies the Duzel Phyllite 
depositionally and provisionally assigned an age o f  Ordovician (?) to  the Antelope 
M ountain Quartzite. The Antelope Mountain Quartzite also has been inferred to be o f 
M iddle Cambrian age based on the occurrence o f  a sponge spicule (Klanderman, 1978). 
The age o f  the Antelope M ountain Quartzite is now considered to be N eoproterozoic 
because soft-bodied organisms discovered in this unit are identical to other 
N eoproterozoic metazoans found elsewhere around the world (Lindsley-Griffin, unpub. 
data).
The Schulmeyer Gulch melange contains quartz sandstone, phyllitic siltstone, 
limestone, phyllite, chert, and a lens o f metavolcanic rock with interlayered limestone and
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quartz sandstone (Hotz, 1977). The minimum age o f  the Schulmeyer Gulch melange is 
Low er Silurian based on a K-Ar cooling age derived from colorless mica in a 
quartzofeldspathic semischist (Hotz, 1977). Some quartz arenite blocks in the Schulmeyer 
Gulch are similar to the Antelope Mountain Quartzite, and some phyllite blocks are similar 
to the Duzel Phyllite (Hotz, 1977). However, the apparent disparity between the age o f 
the Duzel and the Schulmeyer Gulch suggests the phyllite blocks were derived from some 
source other than the Duzel Phyllite. The Schulmeyer Gulch is compositionally 
heterogeneous and exhibits no apparent organized arrangement o f  rock types, suggesting 
it is a melange (Hotz, 1977; Potter et al., 1977).
The schist o f  Skookum Gulch is a melange that contains blocks o f  glaucophane 
schist, chlorite schist, marble, quartz-albite schist, and tonalité (Hotz, 1977; Cotkin et al., 
1992). The minimum age o f the schist o f  Skookum Gulch is considered to be Late 
Ordovician (447 and 451 Ma) based on Rb/Sr whole rock analyses and a “^ ^A r/^^A r 
plateau age o f  phengite from a quartz-albite schist (Cotkin et al., 1992). N eoproterozoic 
tonalité blocks (565 Ma) in the schist o f  Skookum Gulch provide a maximum age (Wallin 
et al., 1988). The occurrence o f Upper Ordovician blueschist blocks in the schist o f 
Skookum  Gulch provides evidence o f  Ordovician subduction in the Yreka terrane (Cotkin 
et al., 1992).
The Gregg Ranch Complex consists o f  lithologically diverse blocks surrounded by 
a sheared pelitic matrix. Native and exotic blocks consist o f shale, sandstone (M offett 
Creek Formation), mudstone, graywacke, bedded chert, limestone, pillow basalt, 
m etagabbro, and serpentinite. The youngest fossil-bearing blocks in the Gregg Ranch 
Complex appears to be Early to Middle Devonian(?) in age (Lindsley-Griffin et al., 1991). 
The Gregg Ranch Complex is interpreted as an accretionary complex formed along an 
early to  mid-Paleozoic convergent margin, as indicated by the mixture o f  exotic and native 
lithologies and structural style (Lindsley-Griffin et al., 1991; Wallin and Trabert, 1994).
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The Gazelle Formation is a sequence o f hemipelagic and terrigenous eugeoclinal 
sedimentary rocks including poorly fossiliferous siliceous shale, siliceous mudstone, black 
chert, limestone, minor conglomerate, and very fine to coarse volcaniclastic sandstones 
(Lindsley-Griffin et al., 1991; Wallin and Trabert, 1994). The age o f  the Gazelle is Early 
to Middle(?) Devonian based on three conodont localities. The Gazelle Form ation was 
deposited in an elongate basin (22 x 8 km) and is 1.25 kilometers thick (Wallin and 
Trabert, 1994). The Gazelle Formation lies unconformably on melange o f  the Gregg 
Ranch Complex and has been interpreted as an Early Devonian trench-slope basin (Figure 
5) (Wallin and Trabert, 1994). Furthermore, the Gazelle Formation contains a sandstone 
petrofacies that is believed to be derived from the subjacent Gregg Ranch Complex 
(Wallin and Trabert, 1994). The significance o f  this petrofacies suggests submarine 
erosion o f  the Gregg Ranch Complex while the Gazelle basin was developing (Wallin and 
Trabert, 1994).
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CHAPTER 3 
PREVIOUS WORK
The type locality o f  the Moffett Creek Formation was established by Hotz (1977), 
and is located in the Yreka 15 minute quadrangle, sec. 12, T43N., R8W. The study area 
occupies the northeast part o f  the McConaughy Gulch 7.5 minute quadrangle and is 
located approximately 9 kilometers southwest o f  the type locality (Figure 6).
Several lines o f  evidence suggest that the Moffett Creek is Late Silurian-Early 
Devonian(?) in age: ( 1) a Late Silurian brachiopod and branching corals occur in a 
limestone clast indicating the Moffett Creek is Late Silurian or younger (Potter et al., 
1977); (2) a thin chert bed in the Moffett Creek yielded unornamented radiolarians which 
suggests the Moffett Creek is in part pre-Devonian (Irwin et al., 1978); (3) detrital zircon 
ages from the Moffett Creek and the Duzel Phyllite indicate that these units had the same 
ultimate source and may have been deposited by the same dispersal system (Figure 4) 
(Wallin, 1988), thus Devonian isotopic ages o f  metamorphism (350-392 Ma) for the Duzel 
Phyllite (Cashman, 1980) also require that the Moffett Creek be Devonian or older; and
(4) cobbles o f  Moffett Creek sandstone were recycled into the Early to Middle(?) 
Devonian Gazelle Formation, which indicates a minimum age o f  Early to Middle(?) 
Devonian for the Moffett Creek (Wallin and Trabert, 1994). Based on faunal control, 
isotopic data, and sedimentological observations, the age o f  the Moffett Creek is Late 
Silurian and possibly Early Devonian in part. These age constraints are consistent with the 
pétrographie analysis, field observations, and depositional model discussed in this paper.
14
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The Moffett Creek Formation has been interpreted previously as melange that 
formed in an early Paleozoic subduction zone (Hotz, 1977; Potter et al., 1977). Hotz
(1977) favored a tectonic melange because lenticular sandstone blocks are bounded by a 
sheared pelitic matrix. Potter et al. (1977) suggested that the Moffett Creek Formation 
was deposited mainly by turbidity currents and sedimentary slides and slumps caused by 
syntectonic deformation. These previous workers interpreted the Moffett Creek 
Formation as the distal portion o f  a submarine-fan complex that formed in an active 
subduction zone (Hotz, 1977, Potter et al., 1977; Klanderman, 1978).
Hotz (1977) reported that the composition o f  the Moffett Creek indicates a 
plutonic-metamorphic provenance. Wallin (1988) subsequently demonstrated that the 
Duzel Phyllite and the structurally higher Moffett Creek Formation and Antelope 
Mountain Quartzite all contain continentally-derived Precambrian zircons o f  similar age. 
H e suggested that these quartzose strata may represent a genetically-related coarsening- 
upward sequence.
In this study, however, I will show that the Antelope Mountain Quartzite is an 
older unit that supplied detritus to the Moffett Creek (Figure 4). Furthermore, I will argue 
that the Moffett Creek Formation was deposited in a trench-floor setting (Figure 5).
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C H A P T E R  4 
M E T H O D S  AND T E R M IN O L O G Y
Methods
Geologic field mapping, delineation o f  structural domains, measurement o f  
stratigraphie sections, and sample collection for sandstone petrography were conducted 
from June 30 through August 8, 1993, Geologic data (i.e. strike and dip o f  bedding, fault 
contacts, and lithologie contacts) were placed on a 1:10,000 base map enlarged from the 
McConaughy Gulch 7.5 minute USGS quadrangle. Locations o f  geologic features were 
determined using compass bearings from known landmarks and a frequently calibrated 
digital altimeter accurate to ±  10 feet. Compass bearings were taken using a Brunton 
compass.
In the Moffett Creek Formation, mappable units were distinguished on the basis o f  
bed-thickness and the local dominance o f  one lithology (i.e. thin bedded siltstone or thick 
bedded sandstone). These mappable units were traced laterally and contact elevations 
were located precisely using the altimeter. Dashed lines on the map represent areas where 
the geologic contacts were inferred because o f  poor exposure. M ost o f  the study area was 
mapped several times to confirm data and observations from early stages o f  the project.
Bedding attitudes were collected and grouped into discrete domains to document
the spatial variability o f  deformational fabrics. Each domain represents an area with
roughly similar mesoscopic structures that was recognized in the field. Structural data
was entered into the STEREONET computer program (Allmendinger, 1989) and used to
17
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create lower hemisphere projections for each domain. Scatter diagrams (poles to bedding) 
and the Kamb method (equal-area contour plots) are used to present the data (cf. Marshak 
and Mitra, 1988). The data were useful in determining orientation o f  fold axes and the 
geometry and vergence o f  folds.
A 1.5 m Jacob's staff and a Brunton compass were used to measure seven 
stratigraphie sections. The classification o f  Dott (1964) was used to classify sandstones in 
the field. Stratigraphie measurements were impractical in areas o f  poor exposure. 
Consequently, thicknesses o f  strata were calculated using the Jacob's staff, dips, and the 
areal extent o f  outcrops perpendicular to strike. Abundant sedimentary structures (i.e. 
asymmetric ripples and sole marks) were used as facing indicators. Measurement o f  
stratigraphie sections was performed to document the spatial variation o f  lithologies, 
determine facing directions, examine sedimentary structures, and collect medium to coarse 
sandstones for pétrographie analysis.
A total o f  43 sandstone samples were collected and made into thin sections for 
pétrographie analysis. Sample locations for thin sections used in pétrographie analysis are 
shown in Plate 1. An Olympus pétrographie microscope with an automated point- 
counting system was used to record detrital modes. Standard (0.03 mm) thin sections 
were prepared and samples were stained for K-feldspar and plagioclase using standard 
techniques. Classification schemes used to document the grain-size, sorting, roundness, 
textural maturity, and nature o f  grain contacts follow the classic methods (Pettijohn et al., 
1973; Powers, 1953; Folk, 1974; Taylor, 1950). Detrital modes o f  coarse sandstones 
were determined by point-counting using the Gazzi-Dickinson method and a minimum o f  
406 framework grains were counted per thin section (Gazzi, 1966; Dickinson, 1970). 
Detrital modes were plotted on provenance discrimination diagrams (Dickinson and 
Suczek, 1979). Matrix was classified as interstitial material finer than 0.63 mm and 
unidentifiable deformed lithic fragments were defined as pseudomatrix (Dickinson, 1970).
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Terminolouv
The classification o f  bed thickness that is used throughout this report is from 
Ingram (1954) (Table 1).
Table 1. Bed thickness terminology and thickness (cm) (Ingram, 1954).
Bed Thickness Term inology Thickness (cm)
Very thick >100 cm
Thick 30 to 100 cm
Medium 10 to 30 cm
Thin 3 to 10 cm
Very thin I to 3 cm
Laminae <1 cm
The following terminology will be used throughout this report. The term melange 
is used to describe a mappable, internally fragmented and mixed rock body containing a 
variety o f  blocks, commonly in a pervasively deformed matrix, formed by either tectonic 
or sedimentary processes (Silver and Beutner, 1980). Olistostrome is defined as a 
sedimentary deposit consisting o f  a chaotic mass o f  heterogeneous material that 
accumulated as a semi-fluid body by submarine gravity sliding or slumping o f  
unconsolidated sediment between well-stratified beds (Bates and Jackson, 1980). An 
oiistoliih is an exotic block or other rock mass in an olistostrome that was transported by 
submarine gravity sliding or slumping (Bates and Jackson, 1980).
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CHAPTER 5 
STRATIGRAPHY
Introduction
The Moffett Creek Formation crops out in several nappes that are approximately 3 
to 4 kilometers wide and 45 kilometers long (Figure 3), In the western part o f  the Yreka 
terrane, the Moffett Creek Formation structurally overlies the Schulmeyer Gulch melange 
and the Duzel Phyllite (Figure 3). In the eastern part o f  the Yreka terrane, the Moffett 
Creek Formation structurally underlies the Duzel Phyllite and Sissel Gulch Graywacke due 
to thrust faulting (Figure 3). The stratigraphie thickness o f  the Moffett Creek Formation 
is unknown due to its fault-bounded nature and internal structural complexity. In the field 
area, strata o f  the Moffett Creek Formation consist o f  sandstone, siltstone, and granule 
conglomerate. Beds are traceable laterally for only several meters to tens o f  meters, The 
poor lateral continuity and the absence o f  marker beds rendered correlation o f  measured 
sections impossible. Thus, sections were measured solely to document depositional 
processes (Appendix A). Recognition o f  genetically-related sandstone units allowed 
partial reconstruction o f  the stratigraphy and structure.
Lithologies
Three lithologies (sandstone, siltstone, and granule conglomerate) occur in the 
Moffett Creek Formation.
20
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Fine to medium lithic arenites are tan to olive, quartz-rich and micaceous, well 
sorted, very thick to thin bedded, well indurated, commonly structureless, and beds exhibit 
brittle fractures. These sandstones are intercalated with thick to thin laminated siltstones, 
siltstones containing olistoliths o f  fine sandstone, and granule conglomerate in decreasing 
order o f  abundance.
Medium to coarse sandstones are dark gray, rich in quartz and lithic fragments, 
very thick to medium bedded, moderately to well sorted, well indurated, and commonly 
normally graded with coarse black and gray chert granules at the base o f  beds. These 
coarse sandstones are classified as quartzolithic to quartzofeldspathic arenites.
Sandstones are commonly intercalated with thick to thin laminated siltstones and fine 
sandstone. Sedimentary structures in the coarse sandstones include parallel lamination, 
trough cross-lamination, and load casts. Sandstones constitute approximately 64% (122 
m) o f  the measured strata and occur in successions up to 10.5 meters thick (Appendix A).
Siltstones are olive-tan, quartz-rich and micaceous, thick to thin laminated, 
parallel laminated or structureless. Outcrops are commonly concealed by shrubs or tall 
grasses. Siltstones are intercalated with fine to coarse sandstone, and sparse thick-bedded 
granule conglomerate. Sedimentary structures in siltstones include: groove casts, load 
casts, asymmetric ripples, convolute lamination, and parallel lamination. Approximately 
33% (64 m) o f  the strata measured are siltstones, which occur in successions up to 3 
meters thick.
Granule conglomerates are dark yellowish brown, well indurated, very thick 
bedded, bimodal in grain size, and normally graded or structureless. The bimodal grain- 
size population is centered about granules and medium sand. Black and gray chert 
granules are rounded to subangular and medium sands are subrounded to subangular.
Both the granules and medium-sand populations are well sorted. Outcrops o f  granule 
conglomerate are rich in lithic fragments, contain chert and quartz, and form resistant
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outcrops. These conglomerates comprise approximately 3% (5.5 m) o f  the total strata 
measured and occur in successions up to 4 meters thick.
Nature o f  Depositional Contacts 
Depositional contacts between individual fine to medium sandstone beds and 
underlying strata (commonly siltstones and fine to medium sandstones) are sharp and 
commonly exhibit sole marks such as load casts, flute casts, and groove casts (Appendix 
A). Contacts between fine to medium sandstone beds and overlying strata are sharp or 
gradational with thick- to thin-laminated siltstones. Contacts between individual medium 
to coarse sandstone beds with the underlying and overlying strata are sharp. Minor sole 
marks occur between individual medium to coarse sandstone beds and the underlying 
strata. Contacts between beds o f  granule conglomerate and underlying strata are sharp 
and exhibit sole marks. Contacts between beds o f  granule conglomerate and overlying 
strata are sharp with sole marks on the lower surface o f  the overlying bed.
Correlation o f  Strata 
Recognition o f  genetically related sandstone units (Smc 1, 2, and 3) in the field 
aided in partial reconstruction o f  the stratigraphy and structure (Figure 7). However, the 
correlation o f  lithostratigraphic units was not possible because marker beds were not 
observed, no beds were traceable laterally through the entire field area, the structure was 
complex, and measured sections were relatively short due to limited exposure. The 
location o f  measured stratigraphie sections is shown in figure 7. Pétrographie analyses o f  
sandstones were employed in an attempt to recognize any compositional trends 
stratigraphically. Results o f  these analyses were not useful for stratigraphie correlation 
because the distribution o f  sandstone petrofacies was not mappable.
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Criteria used to map sandstone units were the thickness o f  bedding, recognition o f  
faults, and the orientation o f  facing indicators (asymmetric ripples, trough cross­
lamination, flute casts, groove casts, and load casts). Flute casts and sole marks occur 
commonly on the bases o f  sandstone beds exhibiting positive-relief casts (Figure 8). The 
most resistant (very thick-bedded) sandstone succession (Smc 2) in the field area is 
discussed first. Subsequent sandstone units (Smc 1 and 3) are identified and discussed on 
the basis o f  their relative age with respect to the very thick-bedded sandstone succession 
(Smc 2) (Plate 1).
A very thick-bedded sandstone succession (Smc 2) occurs in the central and 
southern part o f  the study area (Plate 1). These sandstones crop out structurally above 
the Indian Gulch thrust (Figure 9) and are intercalated with thick- to thin-laminated 
siltstone. This very thick-bedded sandstone succession (Smc 2) is overturned as indicated 
by abundant overturned sole marks (flute casts, groove casts, and load casts) (Figure 8).
Stratigraphically below (Smc 2) is a thick- to thin-laminated siltstone unit 
intercalated with medium to thin beds o f  sandstone (Smc I ). The contact between (Smc 
1 ) and (Smc 2) appears to be gradational. Smc 1 is overturned and appears to be the 
oldest unit in the upper plate o f  the Indian Gulch thrust (Plate I).
Structurally below the Indian Gulch thrust is a thin- to medium-bedded sandstone 
unit (Smc 3) intercalated with thick- to thin-laminated siltstones. This sandstone 
succession (Smc 3) is the youngest map unit and is upright as indicated by upright 
asymmetric ripples, trough cross-lamination, and minor sole marks. The relative age o f  
the three sandstone units is based on the observation that the overturned sandstone units 
(Smc 1 and 2) are not exposed in the footwall o f  the Indian Gulch thrust. Consequently, 
the overturned sandstone units (Smc 1 and 2) are interpreted to have formed 
stratigraphically beneath the upright sandstone unit (Smc 3) in the footwall.
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Figure 8a: Overturned flute casts in unit Smc 2 (west side o f  Dockery Gulch).
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Smc 2 (west side o f  Dockery Gulch).
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Figure 9: Photo o f  a very thick-bedded sandstone succession (Smc 2) exposed on the 
eastern side o f  Denny Point.
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CHAPTER 6 
STRUCTURE
Introduction
Outside o f  the study area, previous workers have interpreted the Moffett Creek 
Formation as melange because o f  the widespread occurrence o f  lenticular sandstone 
blocks bounded by a sheared pelitic matrix (Hotz, 1977; Potter et al., 1977). A structural 
analysis o f  the western part o f  the Moffett Creek Formation was performed to document 
the style o f  deformation and determine if the area contains melange or a relatively coherent 
succession o f  well-stratified deep-marine rocks. This analysis indicates the western part o f  
the Moffett Creek Formation is a coherent succession o f  folded and faulted deep-marine 
strata. The major structural features in the field area include a flat-lying thrust fault 
(Indian Gulch thrust), a east to northeast-vergent overturned footwall syncline (Indian 
Gulch syncline), a ramping thrust (Dockery Gulch thrust), and a splayed normal fault 
(Weston Gulch fault) (Figure 7). Structural data were grouped into domains to document 
the spatial variability o f  bedding attitudes (Figure 10). Abundant sedimentary structures 
were employed to determine facing directions.
Bordering Faults
Along the eastern margin o f  the study area, the Moffett Creek overlies the Duzel
Phyllite (Figure 7). The nature o f  contacts between the Moffett Creek and Duzel Phyllite
is generally equivocal due to poor exposure. The contact between the Moffett Creek and
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Figure 10: Generalized geologic map o f the 
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the Duzel was mapped and described as a thrust fault by Hotz (1977). In this study, that 
contact was mapped carefully to determine if it were structural or depositional. In the 
northeastern part o f  the field area, an angular contact is present between the Moffett 
Creek and the Duzel, suggesting either an angular unconformity or a fault (Figure 11). 
Given the nature o f  exposure and data collected in the field, I was not able to determine if 
the contact between the Moffett Creek and Duzel is faulted or depositional. Therefore in 
this study, I followed the interpretation made by Hotz (1977) and named the eastern 
contact between the Moffett Creek and Duzel Phyllite the Dockery Gulch thrust (Figure 
10). The Dockery Gulch thrust is inferred to have a gentle to moderate ramp geometry 
because in the south the thrust is subparallel to bedding and in the north it cuts upsection 
at a high-angle across Moffett Creek strata (Figures 12 and 13) (Plate I).
The Weston Gulch fault consists o f  a main strand and fault splays that place the 
western part o f  the Moffett Creek against the Duzel Phyllite and undifferentiated 
Paleozoic units (Figure 7). The Weston Gulch fault is inferred to be high angle because it 
cuts sharply across topography (Plate 1). The southern splay o f  the Weston Gulch fault 
strikes roughly southeast and is interpreted to be low angle because it is subparallel to 
topography (Plate 1 ). Hotz ( 1977) mapped and described the western contact o f  the 
Moffett Creek with the Duzel Phyllite and undifferentiated Paleozoic units as several 
thrust faults. Elliott (1983) stated that thrust faults commonly do not cut down section in 
the direction o f  transport. Given the eastward dip o f  both the Weston Gulch fault and 
bedding, the fault must cut down section to the east across folds at depth (Figure 12).
Thus, I interpret the Weston Gulch fault as a normal fault with splays (Figure 7) rather 
than a thrust.
The interpretation that the Weston Gulch fault is the western continuation o f  the 
Dockery Gulch thrust also requires that the thrust cuts Moffett Creek strata down section 
in the direction o f  transport, which is uncommon (Figure 12). Furthermore, interpreting
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4Figure 11 : An angular contact between the Moffett Creek Formation and the 
underlying Duzel Phyllite located in the northeastern part o f  the field area. 
Black arrows indicate the contact.
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the southern splay o f  the Weston Gulch fault as a thrust leads to a geometrical 
inconsistency along the strike o f  the Dockery Gulch thrust (Figures 12 and 13) (Plate I) 
(cf. Dahlstroin, 1969), Therefore, the Weston Gulch fault is not a continuation o f  the 
Dockery Gulch thrust and it is inferred that the Weston Gulch fault cuts the Dockery 
Gulch thrust at depth (Figure 12).
Structural Deformation 
Structural domains and map-scale (macroscopic) structures are depicted in Figure 
10. The geometry o f  macroscopic folding for each domain is depicted in figures 14 and 
15. Generally, fold axes plunge gently and trend north to northwest (Figure 14 and 15). 
The interlimb angle o f  folds in the hanging wall o f  the Indian Gulch thrust (Domain 2) is 
gentle. In contrast, the interlimb angle o f  folds in the footwall o f  the Indian Gulch thrust 
(Domains 3 and 4) and the strata in Domain I decreases northward from close to open 
(Figures 14 and 15).
In the southern part of the field area, the Indian Gulch thrust truncates the Indian 
Gulch syncline (Figure 12). This thrust fault places overturned units (Smc I and 2) in the 
hanging wall over an upright sandstone unit (Smc 3) in the footwall (Figure 12). Evidence 
to support a thrust fault includes the following:
( 1 ) The Indian Gulch thrust contact is flat-lying, follows topographic contours, 
and three point problems substantiated a dip o f  10° S (Plate I).
(2) In the southern part o f  the field area, the flat-lying thrust fault truncates 
steeply dipping overturned sandstone beds (Smc 3) in the footwall (Plate 2).
(3) Strata in the hanging wall and footwall o f  the Indian Gulch thrust have 
significantly different orientations. Strata in the hanging wall are overturned and 
dip gently to moderately (Figure 14). In contrast, strata in the footwall are upright 
and dip moderately to steeply (Figure 15).
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Figure 14: Stereonet data from the Moffett Creek Formation (Domains 1 
and 2 are shown in figure 10) showing lower hemisphere projections of 
poles to bedding and contours from the Kamb method. Domain 1 is 
located north of Heartstrand Gulch and consists of folded siltstones and 
sandstones (Smc 3). The interlimb angle of folding in Domain 1 is open, 
and the fold axis orientation is 4° N 3°E. Domain 2 includes overturned 
sandstone units in the hanging wall of the Indian Gulch thrust (Smc 1 and 
2). The interlimb angle of folding in Domain 2 is gentle, and the fold 
axis orientation is 7° N 8°W.
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Figure 15: Stereonet data from the Moffett Creek Formation (Domains 3 
and 4 are shown in figure 10) showing lower hemisphere projections of poles 
to bedding and contours from the Kamb method. Domain 3 is located in the 
footwall of the Indian Gulch thrust, south of the Heartstrand Gulch (unit- Smc 
3). The interlimb angle of folding in Domain 3 is close, and the fold axis 
orientation is 7° N 3°W. Domain 4 is the Indian Gulch syncline in the 
footwall of the Indian Gulch thrust (unit- Smc 3). The Indian Gulch syncline 
is an asymmetrical close fold and the fold axis orientation is 13°, N 20°W,
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Timinu o f  Structural Deformation
In the western part o f  the Moffett Creek Formation, folding appears to have taken 
place either during or prior to thrusting because the upper and lower plate fold geometries 
are dissimilar (Figure 12 and 13).  If folding had occurred after thrusting, then the upper 
and lower plate fold geometries should be similar. The fold geometry is gentle in the 
hanging wall o f  the upper plate (Domain 2), but the folds are close in the footwall o f  the 
thrust (Domain 3) (Figures 14 and 15).
Commonly, the direction o f  thrusting is inferred to be perpendicular to fold axes.
In the western part o f  the Moffett Creek Formation, fold axes (Domain 2, 3, and 4) 
generally trend north to northwest suggesting east to northeast-directed thrusting (Figures 
14 and 15). The minimum displacement on the Indian Gulch thrust is 2 km because its 
outcrop width is 2 km and hanging wall strata are not exposed in the footwall. The 
maximum displacement on the Indian Gulch thrust cannot be determined because the 
Moffett Creek Formation and the Indian Gulch thrust do not crop out west o f  the study 
area.
The timing o f  thrusting cannot be bracketed tightly, but probably occurred during 
Devonian or Mesozoic convergence (Evernden and Kistler, 1970; Cashman, 1980; 
Peacock, 1987; Peacock and Norris, 1989; Oldow et al., 1989). The minimum age o f  
deformation could not determined because cross-cutting relations (dikes) or overlap 
sequences were not found in the field.
Cross-sections A-A' and B-B' follow rules for balanced cross-sections including 
that bed lengths in individual cross-sections be consistent and that adjacent cross-sections 
have consistent deformational structures (Figures 12 and 13) (Dahlstrom, 1969). These 
cross-sections clearly indicate at least four deformational structures that suggest either 
separate events or a progressive deformation (Figures 12 and 13). Due to the lack o f
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kinematic indicators, stratigraphie markers, and cross-cutting relationships, either scenario 
is conceivable, and a unique solution cannot be determined.
The following scenario describes the sequential events (I. oldest and 3. youngest) 
for either separate events or progressive deformation.
(1) The Dockery Gulch thrust laterally ramps along strike to the north and ramps 
up towards the east (Figures 12 and 13). This fault places folded upper plate 
strata o f  the Moffett Creek (Smc 3) on the Duzel Phyllite (SOd) (Figure 12). A 
laterally discontinuous blind thrust forms during thrusting and produces a local 
anticline (Figure 12).
(2) Folding o f  strata in Smc 3 occurs, possibly fault propagation folding, 
overturning the Indian Gulch syncline in the lower plate o f  the Indian Gulch thrust 
(Figure 12).
(3) The Indian Gulch thrust truncates the western limb o f  the Indian Gulch 
syncline, placing overturned units Smc I and 2 over Smc 3 (Figure 12).
(4) Normal faulting (Weston Gulch fault) occurs in the western part o f  the field 
area and truncates the Dockery Gulch thrust at depth (Figure 12).
In summary, the western part o f  the Moffett Creek Formation is a coherent 
succession o f  folded deep-marine strata that was carried in a thrust plate and was later cut 
internally by a flat-lying thrust fault o f  unknown age. This flat-lying thrust overlies a 
northeast-verging overturned footwall syncline that indicates east to northeastward 
translation. In the southeastern part o f  the Yreka terrane, the Moffett Creek Formation is 
thrust over the Lower to Middle(?) Devonian Gazelle Formation (Trabert, 1992; Wallin 
and Trabert, 1994). Underlying this thrust fault is a map-scale asymmetric, northeast- 
verging overturned syncline in the Gazelle Formation (Trabert, 1992). Similar fold 
vergence in the Moffett Creek and the overlying Gazelle Formation may be the result o f  a 
single regional deformational event throughout the entire Yreka terrane.
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C H A P T E R  7 
S E D IM E N T O L O G Y
Introduction
A detailed sedimentoiogic analysis o f  deep-marine strata in the western part o f  the 
Moffett Creek Formation was not possible because outcrops were rarely traceable 
laterally. Outside o f  the study area, the Moffett Creek Formation exhibits attributes o f  a 
melange in that lenticular sandstone blocks are completely encased in a sheared pelitic 
matrix (Hotz, 1977; Potter et al., 1977). Hotz (1977) also stated that soft-sediment 
deformational features are rare. In contrast, the western part o f  the Moffett Creek 
Formation is a relatively coherent succession o f  deep-marine turbidites that exhibits 
abundant sofl-sediment deformational features. Thus, sedimentological features in the 
stratigraphie successions measured in this study (Appendix A) provide evidence 
concerning depositional processes, even though they are not useful as stratigraphie 
markers because o f  the uniformity o f  the successions.
Paleocurrent indicators (asymmetric ripples and sole marks) are present in the 
Moffett Creek. It was not possible to reconstruct the paleoflow direction for the Moffett 
Creek strata because the degree of vertical axis rotation o f  the Moffett Creek is unknown. 
Therefore, reconstruction o f  paleoflow directions was not attempted.
In the Moffett Creek Formation, the lack o f  shallow-marine deposits, subaerial- 
exposure indicators, oxidation horizons, and freshwater fauna is consistent with a deep-
marine depositional environment. Elsewhere in the Moffett Creek Formation, Irwin et al.
39
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(1978) reported one thin bed o f  radiolarian chert, which further supports a deep-marine 
depositional setting. Transport mechanisms such as sediment-gravity flows and 
suspension settling are important processes for carrying terrigenous sediment to deep- 
marine environments (e.g.. Stow and Piper, 1984; Pickering et a!., 1989). Sedimentary 
structures (sole marks, asymmetric ripples, trough cross-bedding, convolute lamination) 
and normal grading o f  sediment indicate that the majority o f  strata in the western part o f  
the Moffett Creek Formation were transported by sediment-gravity flows (turbidity 
currents) (cf. Middleton and Hampton, 1976).
Turbiditv Currents
Turbidity currents are a type o f  sediment-gravity flow in which sediment is 
supported above the bed by turbulence (Middleton and Hampton, 1976). Turbidity 
currents are triggered principally by tectonic events (earthquakes) or sedimentary events 
(slope failure) (Piper et al., 1988; Pilkey, 1988). Turbidity currents can travel lOOO'sof 
kilometers from the upper continental slope to abyssal plains and can flow on very gentle 
slopes (< 1°) (e.g., Sohm abyssal plain. Piper et al., 1988). Two principal types o f  
turbidity currents have been distinguished on the basis o f  suspended-particle 
concentrations (Lowe, 1982):
( I ) Low-density turbidity flows containing less than 20-30% grains. Low-density 
turbidity flows consist o f  clay, silt, and fine to medium sand supported in 
suspension by turbulence.
(2) High-density turbidity flows containing greater than 30% grains. High-density 
flows commonly consist o f  a bimodal grain-size population o f  coarse sand to 
gravel, and fine sand. Sediment is suspended by turbulence, buoyant liff forces, 
dispersive pressure, and hindered settling resulting from high sediment 
concentrations.
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Deposition from turbidity currents takes place as flow competence decreases due 
to a reduction in the mean flow velocity (Pickering et a!., 1989). The velocity o f  a 
turbidity current eventually diminishes as a result o f  one or some combination o f  the 
following (1) decrease in slope gradient, (2) flow divergence, (3) increase in bed friction
(4) increase in sediment concentration and interaction in the flow, and (5) decrease in flow 
density due to deposition (Pickering et al., 1989).
Low-density turbidity current deposits are commonly called turbidites. Bouma 
( 1962) described five sedimentary facies and their associated sedimentary stmctures that 
occur in sandy turbidite successions (Figure 16). These sedimentary facies (bottom to 
top) record the progressively diminished competence o f  a turbidity current with respect to 
time.
Siltstones
Approximately 33% (64 m) o f  the strata measured in the Moffett Creek are 
siltstone beds that attain thicknesses o f  up to 3 meters (Figure 7). Siltstone beds are thick 
to thin laminated or structureless; laminae may be continuous, discontinuous, or 
convolute. Primary sedimentary structures in siltstone beds include centimeter-scale 
asymmetric ripples, convolute lamination, groove casts, and load casts. Siltstone beds are 
intercalated with very thick- to very thin-bedded fine sandstones, very thick- to medium- 
bedded coarse sandstones, and sparse very thick-bedded granule conglomerates.
Lithologie contacts between overlying and underlying strata are sharp.
Siltstone beds in the Moffett Creek Formation exhibit sedimentary structures 
(asymmetric ripples, convoluted lamination, parallel lamination) that constitute Bouma 
divisions T^ and T j .  In the western part o f  the Moffett Creek, siltstone beds (facies T j )  
contain abundant sole marks, but lack bioturbation, shale, and associated pelagic deposits.
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Grain ! Bouma (1962) Divsions 
Size
Mud
' E Laminated to 
homogeneous mud
Interpretation
Deposition from low-density 
tail o f turbidity current and 
I settling o f pelagic or 
I hemipelagic sediments
Silt ;D Upper mud/silt laminae i Lowest part o f lower flow 
_______ ;___________________  ' repime__________
Sand
C Ripples or 
convolute laminae
B Plane laminae
i Coarse i A Structureless or graded 
I  Sand I sand to granule
; Lower part o f  lower flow 
' regime
Upper flow regime plane bed
Rapid deposition with 
no traction transport
Figure 16: Idealized sequence of sedimentary structures in a turbidite (after Bouma, 
1962). Interpretation from Walker (1965), Middleton (1967), and Stow and Bowen 
(1980).
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The sharp basal contacts, abundance o f  sole marks, and sedimentary structures in these 
siltstones indicate deposition by low-density turbidity currents (Lowe, 1982).
Sandstones
Approximately 64% (122 m) o f  the measured strata are fine to coarse sandstone 
beds that crop out in units Smc I, 2, and 3 (Figure 7). Individual sandstone beds range 
from 0.25 to 3 meters thick, are commonly structureless or laminated, and are present in 
successions up to 10.5 meters thick (Figure 9). Moffett Creek sandstones exhibit either 
tabular or irregular bedding. Laminae are continuous, discontinuous, or convolute. 
Sedimentary structures in fine to coarse sandstone include centimeter-scale asymmetric 
ripples, trough cross-bedding, convolute lamination, flute casts, groove casts, and load 
casts. Beds o f  coarse sandstone are normally graded, and they contain coarse black and 
gray chert grains at the base. Sandstone beds are intercalated with thick- to thin-laminated 
siltstone, olistoliths o f  fine sandstone, and granule conglomerate in decreasing order o f  
abundance. Lithologie contacts between sandstones and subjacent strata are sharp and 
often exhibit sole marks such as flute casts, load casts, and groove casts. Sharp lithologie 
contacts, normal grading, and sedimentary structures, in particular sole marks, indicate 
deposition by low-density turbidity currents (Lowe, 1982).
Individual beds o f  fine to coarse sandstone represent partial Bouma sequences Tg, 
Ty, and T q, on the basis o f  grain-size and sedimentary structures. Very thick, tabular beds 
o f  the Moffett Creek (T^ facies) are commonly structureless but some are normally 
graded. No evidence o f  channelization or bioturbation in facies Tg was observed. Several 
explanations have been proposed to explain the formation o f  structureless beds in the 
Bouma A division (Tg facies).
( I )  Stauffer (1967) interpreted the structureless nature o f  division A as a grain- 
fiow deposit.
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(2) Middleton (1967) interpreted the Bouma A division as the result o f  rapid 
deposition o f  a "quick bed" (fluidized flow) due to decreased intergranular friction.
(3) Arnott and Hand (1989) suggested that the formation o f  a structureless bed 
(Bouma T^) can result from o f  rapid sediment aggradation rates that hinder 
traction sedimentation and suppress turbulence to the point where parallel laminae 
can not develop.
(4) Structureless beds may be also derived from a source region that contains a 
well-sorted sand population that is incapable o f  becoming graded by turbulence.
Grain-flow deposits are typically structureless although reverse grading at the base 
o f  beds is possible. Lowe (1976) concluded that deposits o f  a single grain-flow are 
commonly less than 5 cm thick. This observation is inconsistent with the thickness o f  
sandstone beds observed in the field suggesting that Moffett Creek sandstone beds were 
not deposited by grain-flow mechanisms. Fluidized flows are commonly thick, poorly 
sorted sand beds that exhibit attributes o f  fluid escape structures such as dish structures, 
pipes, and sand volcanoes (Middleton and Hampton, 1976). However, it is conceivable 
that well-sorted sands could be deposited by fluidized flows and exhibit no dewatering 
features because the sands are compositionally homogeneous and well sorted. The 
absence o f  fluid escape structures in the poorly sorted sandstones suggests that 
structureless sandstones (Tg facies) o f  the Moffett Creek were not deposited by fluidized 
flows. The very thick-bedded nature o f  the structureless sandstone beds, coupled with the 
lack o f  grading and bioturbation, suggests that high concentrations o f  sediment were 
deposited producing structureless sandstone beds. However, structureless beds could also 
result from well-sorted sands that are incapable o f  becoming graded by turbulence.
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Granule Conglomerates 
Approximately 3% (5.5 m) o f  the measured strata are granule conglomerates that 
occur in units Smc 2 and 3 (Figure 7). Granule conglomerate beds are dark yellowish 
brown, normally graded or structureless, very thick bedded, well sorted, and occur in a 
succession 3 meters thick. Granule conglomerate beds exhibit a bimodal grain-size 
population with modes centered about granules and medium sand. Contacts between beds 
o f  granule conglomerate and the underlying strata are sharp and the bases o f  some 
conglomerate beds exhibit centimeter-scale sole marks. The high concentration o f  coarse 
sediment (>30%) and the bimodal grain-size population are consistent with deposition 
from high-density turbidity currents (Lowe, 1982). Both graded and structureless granule 
conglomerate beds o f  the Moffett Creek exhibit sedimentary features (clast-supported, 
very thick bedded, lack traction structures) that constitute a S3 sequence based on the 
criteria devised by Lowe (1982).
Implications o f  the Lack o f  Bioturbation. Shale, and Pelagic Deposits 
Bioturbation, shale, and pelagic deposits were not observed in the western part o f  
the Moffett Creek Formation. No single mechanism can explain the complete lack o f  
bioturbation, shale, and pelagic deposits. The following analysis will discuss qualitative 
observations that could bear on why there is an absence o f  bioturbation, shale, and pelagic 
deposits.
Hotz (1977) and Potter et al. (1977) reported no evidence o f  bioturbation in the 
Moffett Creek Formation. Recent investigations, however, have reported an assemblage 
o f  abundant deep-marine benthic traces in Lower Silurian distal turbidites and a steady 
increase in the diversity o f  deep-marine trace fossils through the Ordovician and into the 
Silurian (e.g.. Crimes and Crossley, 1991; Crimes et al., 1992). Therefore, the observed 
lack o f  bioturbation in the Moffett Creek cannot be attributed to low diversity or an
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absence o f  deep-marine organisms. Alternatively, the lack o f  bioturbation can be 
attributed to either an anoxic depositional environment, high terrigenous sedimentation 
rates, or both. An anoxic environment can explain the lack o f  bioturbation, but does not 
explain the lack o f  shale and pelagic sediment. High terrigenous sedimentation rates could 
account for the lack o f  bioturbation and pelagic sediment, but cannot explain the lack o f  
shale.
It is possible that the source region provided little clay-size sediment. An absence 
o f  clay in the source region might explain the lack o f  shale, but not the lack o f  bioturbation 
and pelagic sediment.
Irwin et al. (1978) reported one bed o f  radiolarian chert in the Moffett Creek 
Formation that is only a few centimeters thick, indicating very minor pelagic sedimentation 
during the Late Silurian. The absence o f  pelagic deposits in the field area could be the 
result o f  low pelagic biological productivity, rapid terrigenous sedimentation, or both.
Low biological productivity may account for the absence o f  pelagic sediment, but does not 
explain the absence o f  shale and bioturbation.
In summary, the lack o f  shale, pelagic deposits, and bioturbation must result from 
some combination o f  anoxic conditions, rapid terrigenous sedimentation, a source region 
sparse in clay, or low pelagic biological productivity. Cenozoic abyssal plain successions 
universally exhibit bioturbation, shale, and pelagic deposits, indicating that these basins 
experience slow sedimentation rates and very little turbulence (e.g., Kulm et al., 1973; 
Scholl et al., 1973; Von der Borch, et al., 1974; Elmore et al., 1979; Piper et al., 1988; 
Ludden et al., 1990; Taira et al., 1991). Regardless o f  the underlying mechanism, the 
absence o f  bioturbation, shale, and pelagic sediment all suggest a depositional setting in a 
deep-marine basin where sedimentation rates were high relative to those on abyssal plains.
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Discussion o f  Deep-Sea Fan Sedimentation 
Previous workers have suggested that the Moffett Creek Formation represented 
the distal part o f  a submarine-fan complex (Hotz, 1977; Potter et al., 1977). The 
submarine fan facies model o f  Mutti and Ricci Lucchi (1972) has been used widely to 
classify ancient deep-sea depositional environments (e.g., Underwood and Bachman,
1982; Thornburg and Kulm, 1987) (Figure 17). Grain-size, sand-shale ratio, sedimentary 
structures, bed thickness, and bedding continuity are criteria used to differentiate 
submarine fan facies.
A radial submarine fan can be subdivided physiographically into inner, middle, and 
outer fan, with a fringing basin plain (Mutti and Ricci Lucchi, 1972) (Figure 17). Primary 
components o f  a submarine radial-fan complex consist o f  major erosional features, 
channels, overbank deposits, fan lobes, and channel-lobe transition deposits (Mutti and 
Normark, 1991). Identification o f  these components in ancient submarine radial-fan 
complexes can aid reconstruction o f  deep-sea environments. The scale o f  these 
components in modern submarine fans is extremely large relative to the fragments o f  
ancient submarine fans that are preserved on continental margins (10 to lOO's o f  
kilometers wide and lOO's o f  meters thick) (Mutti and Normark, 1987) (Table 2).
Sedimentary features in the western part o f  the Moffett Creek were compared to 
the submarine radial-fan facies model o f  Mutti and Ricci Lucchi (1972) to determine if the 
Moffett Creek represents part o f  a submarine radial-fan complex. Diagnostic aspects o f  
submarine radial-fan complexes, such as fan-lobe development, channelization, and 
overbank and levee deposits were not observed because the scale o f  these components 
may be substantially larger than that o f  the field area (22 km-). Thus, strata in the Moffett 
Creek appear to be inconsistent with the submarine radial-fan facies model o f  Mutti and 
Ricci Lucchi (1972).
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ANCIENT SUBMARINE FAN FACIES
UPPER
MIDDLE
LOWER
BASIN PLAIN
D I S T R I B U T I O N  O F  F A C I E S
E NV IR O NME N T
FACIES SLOPE
UPPER I MIDDLE I LOWER
DEPOSITIONAL PROCESSES
DEBRIS FLOW S, LIQUIFIED FLOWS
DEBRIS FLOW S, LIQUIFIED FLQWS,  
TURBIDITV CURRENTS (HIGH 
ENERQY)
TURBIDITV CURRENTS
TURBIDITV CURRENTS  
(LOW EHERGV)
LIQUIFIED FLOW S, TURBIDITV  
C URRENTS,TRACTION CURRENTS (71
SLUMPS, DEBRIS FLOWS
PELAGIC & HEMIPELAGIC  
SEDIMENTATION
Figure 17; Submarine fan environments and associated turbidite facies. Facies 
nomenclature is after Mutti and Ricci Lucchi (1972) (from Shanmugam et al., 1985).
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Table 2: Dimensions o f  canyon/channel systems associated with selected modern and 
ancient submarine fans (from Shanmugam et al., 1985).
Locution of canyon / 
channel
Length
(km)
W idth
(km)
Depth
(m)
Levee width 
(km)
References
Modern*
1. Bengal Fan. 
Bay of Bengal
Up to 3000 13-18 150-900 100 Curray and 
Moore (1974)
2. Indus Fan. 
Arabian Sea
Up to 500 8-11 300-800 30 V. Kolia (1984. 
per. comm.)
3. Amazon Fan. 
Equatorial Atlantic
Up to 250 3-15 250-600 50 Damuth and 
Flood 
(1983/1984)
4. Mississippi Fan. 
Gulf of Me.xico
Up to 400 2-15 150-450 50 Coleman et al. 
(1983); Garrison 
et al. (1982)
5. Rhone Fan. 
Gulf of Lion
Up to 150 1-10 150-400 40 Droz(1983)
Ancient
6. Doheny Channel. 
Late Miocene. 
California
0.2 0.2 40+ Normark and 
Piper (1969)
7. Marnoso- 
Arenacea Fin.. 
Middle Miocene. 
Italv
Up to 100 1.5 60-70 Ricci-Lucchi
(1981)
8. Hecho Basin. 
Eocene. Northern 
Spain
3-4? 0.1 10 Mutti (1977)
9. Delaware Basin. 
Permian. New 
Me.xico and Te.xas
2-3? 0.4 15+ Jacka et al. 
(1968)
10. Shale Grit Fm.. 
Late Carboniferous. 
England
3+ 1 50 Walker (1966)
* Present day deep-sea fans that were active during the Quaternary Period.
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Alternatively, the MotTett Creek turbidites may have been deposited by uncontlned 
turbidity currents (sheet-flow turbidites). Walker (1985) has documented several 
examples o f  very thick-bedded, nonchannelized, unconfined turbidites on continental 
shelves. Previous studies also document sheet systems (unconfined turbidites) on 
Cenozoic abyssal plains, trench-fioors, and arc-related basins (e.g., Kulm et al., 1973; 
Elmore et al., 1979; Westbrook, 1982; Thornburg and Kulm, 1987; Piper et al., 1988, 
Underwood, 1991). Sheet systems are extremely large ( 1 OO's o f  kilometers wide and 
several meters thick), are nonchannelized, and lack morphologic features such as fan-lobes 
(Pickering et al., 1989).
Sheet-flow beds are tabular, and contacts between the overlying and underlying 
strata are commonly sharp. The tabular geometry o f  sheet flow strata often results from 
ponding against a bathymetric barrier. Sheet-flow deposits are mainly composed o f  
turbidites and hemipelagic deposits (Pickering et al., 1989). Although pelagic sediments 
occur in sheet systems but, they are rarely the dominant lithology (e.g., Hamilton, 1973; 
Schweller and Kulm, 1978).
In the study area, Moffett Creek strata are tabular, maintain relatively constant 
thicknesses laterally, and contacts between beds are sharp. There is no evidence o f  fan- 
lobe development, channelization or overbank-levee deposits. Additionally, bioturbation, 
shale, and pelagic deposits were not observed in the Moffett Creek strata. Therefore, 
Moffett Creek strata were probably deposited by unconfined turbidity currents in a sheet 
system that accumulated in a deep-sea basin where the sedimentation rate was high 
relative to those on Cenozoic abyssal plains.
Melange
Melange is exposed only in the southeastern part o f  the field area (Figure 18). The 
term melange is used because it is a broad term that refers to rock mixtures formed by
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Figure 18: Generalized geologic map of the western 
part o f the Moffett Creek Formation showing the 
location of melange and olistoliths.
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tectonic processes, sedimentary sliding, or both (Silver and Beutner, 1980). The melange 
is stratigraphically concordant with the underlying siltstones, is 2.5 meters thick, and is 
traceable laterally for approximately 125 meters. The contact between the melange and 
underlying strata is gradational and evidence for faulting was not observed. Blocks in the 
melange are lozenge-shaped, fine sandstones o f  the Moffett Creek, and are surrounded by 
a sheared silty matrix with a scaly cleavage (Figure 19). Soft-sediment deformational 
features were not observed in the melange. These observations suggest that the melange 
may have been deposited as a sedimentary slide (olistostrome) and later modified by 
tectonic deformation. Alternatively, the melange may have originated as a tectonized 
body. An olistostrome origin is favored because the evidence stated above appears to 
support a sedimentary slide origin. Distinction between an olistostrome and tectonic 
melange is difficult because identifying features (e.g., soft-sediment deformation) that 
clearly distinguish between the two modes o f  origin were not apparent in the field (e.g., 
Abbate et al., 1970; Silver and Beutner, 1980).
Olistoliths o f  Quartzite 
In the southeastern part o f  the field area, quartzite blocks are exposed in the 
Moffett Creek Formation (Figure 18). These quartzites are dark yellowish brown, fine to 
very coarse, well sorted, structureless, and elongated blocks (60 meters in length, 20 
meters thick). Compositionally and texturally these blocks are very similar to the 
Antelope Mountain Quartzite. These elongated blocks are concordant with well-stratified 
siltstone and sandstone beds o f  the Moffett Creek, which strongly suggests an olistolith 
origin. Alternatively, these blocks may have been emplaced structurally along a minor 
unmapped thrust fault that brought blocks o f  quartzite from a deeper level to their present 
position. However, the thrust fault interpretation can be ruled out because structures do 
not occur north or south o f  these blocks.
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Figure 19: Melange unit located south o f  Denny Point. A fine sandstone Moffett 
Creek block at the center o f  the photo is surrounded by a highly sheared silty 
matrix with strongly developed scaly cleavage.
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Summary oFSedimentolouv Interpretations 
( I ) The absence o f  bioturbation, shale and pelagic sediments can be best explained 
by some combination o f  rapid sedimentation, unavailability o f  clay in the source 
region, low surface biological productivity, and anoxia at the sediment-water 
interface. Regardless o f  the underlying mechanism, the absence o f  bioturbation, 
shale, and pelagic deposits in the Moffett Creek implies deposition in a deep-sea 
basin where the sedimentation rate was high relative to an abyssal plain setting.
(2) Sheet-flow turbidites were probably deposited by unconfined turbidity currents 
in a sheet system rather than a submarine radial-fan complex.
(3) An olistostrome is exposed in the southeastern part o f  the field area.
(4) Elongated olistoliths o f  quartzite occur in the southeastern part o f  the field 
area.
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CHAPTER 8 
PETROLOGY AND PROVENANCE
Introduction
This section reports compositional data on detrital modes o f  framework grains 
from sandstone petrography and draws inferences regarding the source o f  the Moffett 
Creek Formation. Pétrographie analyses o f  sandstones reveal quartzose and quartzolithic 
petrofacies. The quartzose petrofacies occurs as quartzite olistoliths that are surrounded 
by well-stratified siltstones and sandstones, while the quartzolithic petrofacies occurs in 
granule conglomerates and medium to coarse turbiditic sandstones. The quartzolithic 
petrofacies was subdivided into the sedimentary-rich (Ls) petrofacies and the 
metamorphic-rich (Lm) petrofacies. These petrofacies are defined by the dominant lithic 
fragment populations in each petrofacies. Complete pétrographie analyses o f  34 
sandstones from the Moffett Creek Formation and 2 samples from the quartzite blocks are 
reported below. Sample locations are depicted in Plate I. This section documents 
textures, detrital modes, diagenetic history, and discusses interpretation o f  the provenance.
Detrital modes were determined by using the Gazzi-Dickinson point counting 
method (Gazzi, 1966; Dickinson, 1970). The classification o f  framework grains employed 
during point counting (Table 3) was adopted from Marsaglia and Ingersoll (1992). Point 
count data were plotted on the following provenance discrimination diagrams:
(1) QmFLt- Monocrystalline quartz-Feldspars-Total lithic fragments;
(2) QtFL- Total quartz-Feldspar-Lithic fragments;
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Table 3: Grain Types in the Quartzolithic Petrofacies
Quartz types (Qt, Qm, and Qp)
Qm monocrystalline quartz
Qpc very fine-grained polycrystalline quartz; chert grains contain relict radiolarian 
tests
Qpel elongate polycrystalline quartz, sutured to irregular crystal boundaries, strongly 
undulose
Qpe equant polycrystalline quartz, straight crystal boundaries between equant mosaic 
Q pr chalcedony, radial fibrous quartz 
Feldspar types (P, K)
P plagioclase, include albite and Carlsbad twinning, some grains replaced by 
calcite ±  epidote
K K-feldspar are untwinned, stained yellow unde/ plane polarized light, and some 
grains are replaced by calcite ±  epidote. Microcline grains exhibit gridiron 
twinning 
Lithic Sedimentary types (Ls)
Lssm micaceous quartzofeldspathic siltstone
Lsm mudstone
Lss siliceous siltstone
Lsce extrabasinal carbonate
Lsc limeclast
Lithic Volcanic types (Lv)
Lvl lathwork texture, interlocking plagioclase laths are euhedral, acicular, contain 
albite twinning, dark aphanitic groundmass is replaced by clays and chlorite 
Lvt trachytic texture, euhedral and acicular plagioclase laths, dark aphanitic 
groundmass replaced by clays 
Lvmi microlitic texture, euhedral, and blocky plagioclase; dark groundmass replaced by 
clays ±  chlorite
L vf felsitic texture, very fine-grained polycrystalline quartz mosaic with 
microphenocrysts o f  feldspar 
Lvb bladed albite mosaic, twinned and untwinned anhedral crystals, quartz and acicular 
plagioclase microphenocrysts 
Lithic Metamorphic types (Lm)
Lmt quartz-muscovite-chlorite tectonite
Qt = Qm + Qpc + Qpel + Qpe + Qpr 
Qp = Qpc + ()pel + Qpe + ()pr 
Lt -  Lm + Lv + Ls 
Ls = Lssm + Lsm + Lss + Lsec + Lsc 
Lv = Lvl + Lvt + Lvmi + L vf + Lvba 
Lm = Lmt
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(3) LmLvLs- Metamorphic lithic fragments-Volcanic lithic fragments- 
Sedimentary lithic fragments; and
(4) QpLvLs- Quartz polycrystalline-Volcanic lithic fragments-Sedimentary lithic 
fragments (Dickinson and Suczek, 1979).
Quartzolithic Petrofacies 
Quartzolithic arenites exhibit either well-sorted, fine to medium sand (Lm-rich 
petrofacies) or a bimodal grain-size population with modes centered about granules and 
medium sand (Ls-rich petrofacies) (Figure 20). Texturally the quartzolithic petrofacies is 
mature to submature and grain contacts are predominately long (Taylor, 1950). The mean 
values for framework grain types are 37% monocrystalline quartz, 5% feldspar, and 58% 
lithic fragments. Matrix constitutes an average o f  5% o f  the quartzolithic sandstones, but 
it ranges from 1 to 14%. Lithic fragment populations are dominated either by 
metamorphic (Lm) or sedimentary (Ls) fragments. Consequently, the discrete nature o f  
the lithic fragment populations was used to differentiate Lm-rich and Ls-rich petrofacies.
Lm-Rich Petrofacies 
Fine to medium sandstones o f  the Lm-rich petrofacies are well sorted and 
subrounded to subangular (Figure 20). The Lm-rich petrofacies is feldspar-poor and 
contains abundant detrital muscovite. Fine to medium monocrystalline quartz grains are 
rounded to subrounded. The extinction o f  quartz grains is slightly to strongly undulose. 
Some quartz grains contain apatite, as well as trains o f  fluid inclusions. Fine to medium 
plagioclase grains are subrounded and exhibit albite and Carlsbad twinning. Some grains 
are replaced by subhedral to anhedral calcite. Fine to medium K-feldspar grains are 
subrounded, untwinned, and exhibit a yellow stain under plane polarized light. The 
plagioclase/K-feldspar ratio is 2; 1 and the muscovite/biotite ratio is 2:1. Micas are
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(a)
(b)
Figure 20: a) Photomicrograph o f  the well-sorted, fine to medium Lm-rich petrofacies, b) 
The Ls-rich petrofacies showing a bimodal grain-size population. Field o f  view in both 
photomicrographs is 3 mm.
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commonly deformed between framework grains. The mean heavy mineral content in the 
Lm-rich petrofacies is 4%. Heavy minerals include zircon, tourmaline, opaque oxides, and 
minor epidote.
The rock fragment population is dominated by tectonite fragments (93%) with 
subordinate sedimentary (6%) and volcanic fragments (1%) (Table 4). Tectonite 
fragments are composed o f  elongate quartz crystals, muscovite, and chlorite with a 
schistose fabric (Figure 21). These fragments are medium, elongate, and subangular 
Sedimentary fragments consist o f  mudstone and micaceous quartzofeldspathic siltstone. 
Rare volcanic fragments consist o f  aphyric siliceous volcanic grains. Polycrystalline quartz 
grains include elongate and equant varieties, and chert is sparse.
Ls-Rich Petrofacies
The Ls-rich petrofacies is well sorted, and constitute either very coarse to medium 
sandstones or a bimodal grain-size population with modes centered about granules and 
medium sand (Figure 20). Very coarse to medium sandstones are subrounded to 
subangular and well sorted. Granules are rounded to subangular and medium sands are 
subrounded to subangular. Both granules and the medium sand population are well 
sorted. Monocrystalline quartz granules are rounded to subrounded, and fine to medium 
quartz grains are subrounded to subangular. Overall, the extinction o f  quartz grains is 
slightly to strongly undulose. Some quartz grains contain needles o f  rutile and apatite, as 
well as trains o f  fluid inclusions.
Plagioclase grains are medium, subrounded, and exhibit either albite or Carlsbad 
twinning. Some grains are replaced by subhedral to anhedral calcite. Coarse to medium 
microcline grains are subrounded and exhibit gridiron twinning. Some K-feldspars are 
untwinned, but are stained yellow under plane polarized light. Some grains are slightly 
altered by sericitization. The plagioclase/K-feldspar ratio is 2:1 and the muscovite/biotite
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Table 4: Lm-rich petrofacies
Sample Qt% Qm% F% L% Lt% Qp% Lv% Ls% Lm% Lv% Ls% Matrix %
93Smc-8 81.8 74.1 4 .8 13.4 21.1 93.9 0.0 16.7 88.5 0.0 11.5 8.8
93Sm c-11 64.2 55.2 9.7 26.2 35.1 85.1 9.1 4.6 94.6 3.6 1.8 14.2
93Smc-12 60.6 50.7 10.4 29.0 38.9 86 .0 2.0 12.0 94.4 0 .8 4.8 7.4
J3Smc-26 56.7 43 .6 10.3 33.0 46.1 88.3 0.0 11.7 94.8 0 .0 5.2 14.0
Mean 65.8 55.9 8.8 25.4 35 .3 88.3 2.8 11.2 93.1 1.1 5.8 11.1
Std. Dev. 11.1 13.0 2.7 8.5 10.5 4 .0 4.3 5.0 3.0 1.7 4.1 3.5
Max. 81.8 74.1 10.4 33.0 46.1 93.9 9.1 16.7 94.8 3.6 11.5 14.2
Min. 56.7 43 .6 4 .8 13.4 21.1 85.1 0.0 4.6 88.5 0.0 1.8 7.4
Matrix defined after Dickinson (1970).
(a)
Figure 21: (a and b) Tectonite Lm fragments from the Lm-rich petrofacies. At the center 
o f  each photomicrograph, tectonite fragments exhibit elongate quartz crystals that are 
aligned with muscovite. Field o f  view in both photomicrographs is 3 mm.
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is 2:1. Heavy minerals constitute 1% o f  the total rock population in the Ls-rich 
petrofacies. Heavy minerals include subrounded zircons, tourmaline, minor epidote, and 
minor opaque oxides.
The lithic fragment population is dominated by sedimentary fragments (74%), with 
subordinate volcanic ( 13%) and tectonite fragments ( 13%) (Table 5). Sedimentary rock 
fragments consist o f  siliceous siltstone, micaceous quartzofeldspathic siltstone, and 
mudstone in decreasing order o f  abundance (Figure 22a). Polycrystalline quartz is 
dominated by chert with subordinate equant and elongate varieties. Some chert grains 
contain relict radiolarian tests. Volcanic fragments exhibit lathwork (Figure 22b), 
trachytic, microlitic, and aphyric felsitic textures. Bladed albite mosaics and myrmekite 
also occur sparsely. Bladed albite mosaics are texturally similar to volcanic grains 
recognized in sandstones o f  the Devonian Gazelle Formation (Gin and Wallin, 1994;
Wallin and Trabert, 1994) (Figure 23). These bladed albite mosaics result from low-grade 
metamorphism o f  glass-rich volcanic fragments (Surdam and Boles, 1979; Wallin and 
Trabert, 1994). These texturally distinct bladed albite mosaics in the Moffett Creek may 
represent volcanogenic detritus derived from a paleovolcanic arc or an early pulse o f  the 
neovolcanic sedimentation represented by the in part temporally equivalent Gazelle 
Formation. The geologic significance o f  these bladed albite grains is discussed further 
below.
Diagenesis
Quartz grains are unaltered. Plagioclase and K-feldspars are altered slightly by 
sericitization. Some plagioclase grains are replaced by subhedral to anhedral calcite. Clay 
minerals and hematite cement occur interstitially between framework grains and pressure 
solution seams. No textural evidence was recognized to suggest dissolution o f  framework 
grains. The general sequence o f  diagenetic events begins with compaction o f  framework
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Table 5: Ls-rich petrofacies
Sample Q t% Qm % F% L% Lt% Qp% Lv% Ls% Lm% Lv% Ls% Matrix%
93DG-1 65.1 3 1 .6 2 .4 3 2 .4 6 6 .0 5 0 .8 0 .3 4 8 .8 0 .0 0 .7 9 9 .3 1.8
93Smc-1 A 5 9 .3 3 5 .0 5 .5 3 5 .2 5 9 .5 4 5 .3 5.1 4 9 .6 1 6 .7 7 .7 7 5 .6 2.1
93Sm c-2A 7 3 .6 6 5 .2 6 .6 19.8 2 8 .3 3 6 .3 1.0 6 2 .8 2 5 .3 1.2 7 3 .6 3 .9
93Sm c-3 5 1 .5 1 5 .9 3 .4 45.1 8 0 .7 47.1 2 .9 5 0 .0 1 1 .2 4 .9 8 3 .9 2 .6
93Sm c-4 5 9 .8 1 2 .8 1.1 3 9 .2 8 6 .2 5 7 .0 0 .0 4 3 .0 9 .6 0 .0 9 0 .4 3 .4
93-Sm c-6 7 0 .7 5 2 .9 3 .6 2 5 .7 4 3 .5 4 4 .9 1.1 5 4 .0 1 4 .9 1.7 8 3 .5 5.9
93Sm c-13 5 3 .3 16 .4 0 .4 46 .3 8 3 .2 4 6 .0 1.8 52 .2 6 .3 3 .2 9 0 .5 1.9
9 3S m c-1 5 5 2 .9 16 .8 2 .5 4 4 .5 8 0 .7 4 8 .2 0 .3 51 .5 12 .7 0 .5 8 6 .8 5 .0
9 3S m c-16 6 2 .7 15.1 1.3 36.1 8 3 .7 5 7 .0 6 .8 3 6 .2 0 .6 15 .7 8 3 .7 2 .3
9 3S m c-1 7 5 4 .4 2 2 .7 0 .8 4 4 .8 7 6 .5 4 3 .3 3.1 5 3 .6 7 .3 5 .0 8 7 .7 3 .3
93Sm c-25 7 1 .4 4 8 .7 3 .7 2 4 .9 4 7 .6 5 2 .0 0 .0 4 8 .0 15 .9 0 .0 84.1 4 .0
93Sm c-29 5 7 .4 23.1 0 .2 4 2 .4 7 6 .7 4 5 .2 0 .3 54 .6 2 .0 0 .5 9 7 .5 3.2
9 3S m c-30 6 0 .8 15 .8 2.1 37.1 82.1 58.1 0 .0 4 1 .9 1 2 .4 0 .0 8 7 .6 3.1
93Smc-31 6 3 .7 2 0 .0 2 .0 3 4 .3 7 8 .0 6 1 .7 0 .0 3 8 .3 2 0 .8 0 .0 79 .2 3 .5
93Sm c-33 5 7 .3 3 7 .2 6.1 3 6 .5 5 6 .7 3 8 .0 15.7 4 6 .3 1 0 .2 2 2 .8 67.1 3 .9
93Sm c-33B 6 8 .8 4 1 .2 6 .5 2 4 .7 5 2 .3 5 8 .0 12.3 29 .7 19 .3 2 3 .7 5 7 .0 3.5
9 3S m c-34 6 5 .3 4 2 .4 8 .6 2 6 .2 4 9 .0 5 5 .0 6 .4 3 8 .6 2 8 .6 10.1 6 1 .3 3 .3
OSm c-20 63.1 4 4 .6 11.5 2 5 .5 4 3 .9 4 7 .6 5 .4 4 7 .0 2 0 .2 8 .3 7 1 .6 12.4
OSmc-23 5 4 .4 3 9 .5 12.1 3 3 .6 4 8 .5 3 5 .4 27.1 3 7 .5 1 9 .0 3 4 .0 47.1 7 .0
O Sm c-26 4 9 .8 3 8 .0 12 .5 3 7 .8 4 9 .6 2 6 .8 2 9 .2 4 4 .0 14 .5 34.1 5 1 .4 7 .0
OSmc-27 61.1 4 6 .4 7 .2 31 .7 4 6 .4 3 5 .6 18.1 4 6 .3 16 .6 2 3 .5 6 0 .0 8.1
O Sm c-28 4 5 .9 3 0 .5 3 .3 5 0 .8 6 6 .2 2 4 .2 17.5 58.3 5 .3 2 1 .9 7 2 .8 12.5
OSmc-29 6 0 .8 4 0 .7 3 .3 3 5 .9 56.1 3 8 .6 10.8 50.6 10 .8 15.7 73 .5 8.9
Matrix defined after Dickinson (1970 ).
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Cont'd Table 5: Ls-rich petrofacies
Sample Qt% Qm % F% L% Lt% Qp% Lv% Ls% Lm% Lv% Ls% Matrix%
OSmc-30 63.1 4 6 .9 4 .6 3 2 .4 4 8 .5 3 7 .4 16.3 4 6 .3 1 6 .2 2 1 .8 62.0 13.4
OSmc-32 5 8 .4 44.1 6 .4 3 5 .2 4 9 .6 3 4 .8 19 .8 4 5 .5 2 3 .8 23.1 53.1 7 .9
OSmc-33 5 7 .3 4 2 .2 4 .4 3 8 .3 5 3 .4 29.1 16 .0 5 4 .9 4 .0 2 1 .7 74 .3 10.1
OSmc-34 4 8 .7 3 6 .5 7 .7 4 3 .6 5 5 .8 2 3 .9 2 3 .0 53.1 1 0 .8 2 7 .0 62.3 6 .0
OSmc-36 6 0 .7 3 4 .8 3 .9 3 5 .5 6 1 .3 4 7 .2 2 .6 5 0 .2 18 .5 4.1 77 .5 1.6
OSmc-37 5 4 .9 4 6 .6 7 .9 3 7 .2 4 5 .5 2 2 .4 3 4 .7 4 2 .9 2 2 .4 3 4 .7 42 .9 7 .9
OSmc-38 3 9 .3 2 5 .5 3 .5 5 7 .2 71.1 19.9 2 2 .0 58.1 2 .9 2 6 .7 70 .5 1.2
Mean 5 8 .8 3 4 .3 4 .8 3 6 .3 6 0 .9 4 2 .2 10.0 4 7 .8 1 3 .3 13.1 73.6 5 .3
Std. Dev. 7 .7 13 .3 3 .3 8 .3 15 .5 11.7 10.3 7 .3 7 .6 12 .0 14.8 3 .5
Max. 7 3 .6 65 .2 12.5 5 7 .2 8 6 .2 6 1 .7 3 4 .7 6 2 .8 2 8 .6 3 4 .7 99.3 13 .4
Min. 3 9 .3 12.8 0 .2 19 .8 2 8 .3 19.9 0 .0 2 9 .7 0 .0 0 .0 4 2 .9 1.2
Matrix defined after Dickinson (1970).
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(a)
Figure 22: (a) Photomicrograph o f  granule-size micaceous quartzofeldspathic siltstone (Ls 
fragment) from the Ls-rich petrofacies. (b). Lathwork texture o f  a Lv fragment from the 
Ls-rich petrofacies near the center o f  the photomicrograph. Field o f  view in both 
photomicrographs is 3 mm.
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(a)
Figure 23: (a) Near the center o f  the photomicrograph is a bladed albite mosaic (Lv 
fragment) from the Devonian Gazelle Formation, (b) Black arrow is pointing towards a 
bladed albite mosaic (Lv fragment) from the Motfett Creek Formation. Field o f  view in 
both photomicrographs is 3 mm.
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grains, formation of hematite cement and clays, followed by the replacement o f  framework 
grains by euhedral to subhedral calcite. Replaced framework grains include chert, 
siliceous siltstone, plagioclase and some K-feldspars. Replacement o f  framework grains is 
minor and as a result detrital modes were not affected.
Modal Analysis
To establish provenance, detrital modes (Tables 4 and 5) were plotted on ternary 
provenance discrimination diagrams that contain empirically defined fields (e.g.,
Dickinson and Suczek, 1979; Dickinson, 1982; Dickinson, 1985). Provenance 
discrimination diagrams and qualitative observations indicate that the quartzolithic 
petrofacies was derived from a recycled orogen. Overall, the quartzolithic petrofacies is 
rich in monocrystalline quartz, chert, siliceous siltstone, micaceous quartzofeldspathic 
siltstone, mudstone, and tectonite fragments in decreasing order o f  abundance.
On QmFLt and QtFL diagrams, both quartzolithic petrofacies plot in the recycled 
orogen field (Figure 24A and B). The LmLvLs diagram illustrates that the rock fragment 
population o f  the Lm-rich petrofacies consists almost exclusively o f  metamorphic 
fragments (Figure 24D). The LmLvLs diagram also reveals a second petrofacies enriched 
in sedimentary rock fragments (Ls-rich petrofacies) with subordinate metamorphic and 
volcanic fragments (Figure 24D). On the QpLvLs diagram, the Lm-rich petrofacies is 
enriched in polycrystalline quartz (equant and elongate quartz varieties) with subordinate 
sedimentary' and volcanic rock fragments (Figure 24C). The QpLvLs diagram also 
illustrates the subequal abundances o f  polycrystalline quartz (chert) and sedimentary rock 
fragments in the Ls-rich petrofacies and the variable proportion o f  volcanic rock fragments 
(Figure 24C). The discrete nature o f  each lithic fragment population suggests that each 
petrofacies represents a separate dispersal system. The compositionally discrete nature o f  
the tw o lithic fragment populations (Lm- and Ls-rich petrofacies) is not a result o f  sorting.
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Figure 24; Provenance discrimination diagrams for sandstones from the 
western and eastern parts o f the Moffett Creek Formation. Data for the 
Lithofeldspathic petrofacies was, compiled by Wallin (1994, unpub.data) 
and presented by Gin and Wallin (1994).
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because coarser sandstones o f  the Ls-rich petrofacies are depleted in Lm relative to the 
fine-grained Lm-rich petrofacies. If sorting had influenced the composition significantly, 
the coarser Ls-rich petrofacies should be enriched in Lm relative to the finer Lm-rich 
petrofacies.
The abundance o f  tectonite fragments and detrital muscovite in the Lm-rich 
petrofacies indicate derivation from a crystalline cratonic source. The presence o f  detrital 
muscovite also indicates very little hydraulic sorting. The abundance o f  coarse 
polycrystalline quartz in the Lm-rich petrofacies also indicates derivation from a crystalline 
cratonic source. Texturally and compositionally similar tectonite fragments and 
polycrystalline quartz varieties also occur in the Ls-rich petrofacies.
The diverse assemblage o f  volcanic fragments in the Ls-rich petrofacies may have 
been derived from a Paleozoic volcanic arc, cratonic basement, or both. Subrounded to 
subangular siltstone and mudstone granules may represent derivation from either a deep- 
marine basin or a subduction complex. The abundance o f  rounded chert granules that 
contain relict radiolarian tests in the Ls-rich petrofacies suggests erosion o f  a subduction 
complex. Rocks that are abundant in chert grains with subordinate siltstone, mudstone 
(eugeoclinal sedimentary rock fragments), and depleted in volcanic rock fragments and 
feldspar are typically derived from subduction complexes (cf. Dickinson and Suczek,
1979; Dickinson, 1982, Dickinson, 1985).
On a QmFLt diagram, the Lm-rich petrofacies plots in the quartzose to transitional 
recycled orogen field, while the Ls-rich petrofacies plots in the lithic to transitional 
recycled orogen field (Figure 24A). The compositional overlap between the Lm- and Ls- 
rich petrofacies implies mixing o f  two dispersal systems. This mixing can be interpreted as 
intercalation o f  transverse and longitudinal sediment dispersal systems in a forearc setting 
(discussed in Depositional Setting below) (Figure 5).
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Quartzose Petrofacies
The quartzose petrofacies occurs in large, elongate olistoliths in the Moftett Creek 
Formation (as discussed in Sedimentology). These quartzite blocks contain granules to 
very coarse sand, and they are well sorted, subrounded to subangular and texturally 
mature. Grain contacts are predominately long although some sutured contacts are also 
present (Taylor, 1950). The mean values for framework grain types are 79% 
monocrystalline quartz, 3% feldspars, 18% lithic fragments, and 4% matrix (Table 6). The 
biotite/muscovite ratio is 3:1. Biotite and muscovite grains are deformed between 
framework grains. Heavy minerals constitute an average o f  2% o f  the total grain 
population in the quartzose petrofacies. Heavy minerals include zircon, tourmaline, and 
oxides.
Monocrystalline quartz granules and very coarse sand grains are subrounded to 
subangular, are strongly undulose, and contain abundant trains o f  fluid inclusions.
Feldspars are sparse in the quartzose petrofacies. Plagioclase grains are very coarse to 
coarse, subrounded, equant, and exhibit albite twinning. Coarse K-feldspar grains are 
subrounded, equant, untwinned, and exhibit a yellow stain under plane-polarized light.
Lithic fragments are predominately polycrystalline quartz and metamorphic and 
volcanic rock fragments are subordinate. Polycrystalline quartz granules and very coarse 
sand grains are subrounded to subangular. Polycrystalline quartz grain types include both 
equant and elongate megaquartz, and chert is sparse. Diagenetic textures observed in the 
quartzose petrofacies include incipient sericitization and clay formation by feldspar 
replacement. Clay minerals and sericite (pseudomatrix) also replace deformed labile grains 
as the result o f  compaction and diagenesis. The degree o f  replacement o f  framework 
grains is minor and did not affect quantification o f  the primary composition.
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Table 6: Quartzose petrofacies
Sample Qt% Qm% F% L% Lt% Qp% Lv% Ls% Lm% Lv% Ls% M atrix%
9 3A M Q -4 9 7 .6 8 5 .8 1 .4 1 .0 1 2 .8 1 0 0 .0 0 .0 0 .0 1 0 0 .0 0 .0 0 .0 4 .3
0S m c-Q 2 9 3 .4 7 2 .2 4 .7 1.9 23.1 9 9 .0 1 .0 0 .0 8 8 .9 11.1 0 .0 4 .3
Mean 9 5 .5 7 9 .0 3.1 1 .4 1 7 .9 9 9 .5 0 .5 0 .0 9 4 .4 5 .6 0 .0 4 .3
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Modal Analysis
On a QmFLt diagram, the quartzose petrofacies plots in the quartzose recycled 
orogen field (Figure 24A). The QtFL diagram illustrates that the quartzose petrofacies 
plots in the craton interior field (Figure 24B). On the QpLvLs diagram, the rock fragment 
population o f  the quartzose petrofacies is strongly enriched in polycrystalline quartz grain 
types (equant and elongate quartz varieties) (Figure 24C). On the LmLvLs diagram, the 
quartzose samples are enriched in tectonite fragments but the statistics are poor because 
Lm and Lv are sparse (Figure 24D). The mineralogical maturity o f  the quartzose 
petrofacies implies that the majority o f  detritus was derived from a crystalline cratonic 
source.
Petrographically, the framework grains and textural maturity o f  the quartzose 
petrofacies are identical to those o f  the Antelope Mountain Quartzite. In addition, detrital 
modes and inferred provenance o f  the quartzose petrofacies are identical to those o f  the 
Antelope Mountain Quartzite reported by Bond and Devay (1980). Therefore, the 
quartzose petrofacies is interpreted as blocks o f  the Antelope Mountain Quartzite. The 
presence o f  Antelope Mountain Quartzite olistoliths in the Moffett Creek indicates that the 
Antelope Mountain is an older unit that provided detritus to the Moffett Creek Formation 
during the Late Silurian-Early Devonian(?).
Criteria for the Relative Age o f  the 
Antelope Mountain Ouartzite
Wallin (1988) reported that the Moffett Creek Formation and Antelope Mountain 
Quartzite contain continentally derived Precambrian detrital zircons o f  similar age (2.0-2.4 
Ga), which indicates that both units may have been derived from the same ultimate source. 
In the past, the stratigraphie relationship between the Moffett Creek and Antelope 
Mountain Quartzite was uncertain. The Antelope Mountain Quartzite may represent
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either a coarse-grained facies o f  the Motfett Creek (Wallin, 1988); or an older unit that 
supplied detritus to the Moffett Creek (Wallin, 1993). In the western part o f  the Moffett 
Creek Formation, several lines o f  evidence indicate that the Antelope Mountain Quartzite 
is an older unit that supplied detritus to the Lm-rich and Ls-rich petrofacies.
( 1 ) Elongate olistoliths o f  the Antelope Mountain Quartzite occur in the Moffett 
Creek Formation.
(2) Petrographically, monocrystalline quartz grains in sandstones o f  the 
quartzolithic petrofacies contain abundant trains o f  fluid inclusions that are similar 
to those in both the quartzose petrofacies and the Antelope Mountain Quartzite 
(Figure 25).
(3) Both the quartzolithic petrofacies and the Antelope Mountain Quartzite 
contain texturally similar elongate and equant polycrystalline quartz varieties 
(Figures 26 and 27). Additionally, plagioclase grains in both the quartzolithic and 
quartzose petrofacies are texturally similar and no evidence indicates that these 
plagioclase populations were derived from different sources.
(4) On a QmFLt diagram, the quartzolithic (Lm- and Ls-rich) and quartzose 
petrofacies (Antelope Mountain Quartzite) overlap slightly in the recycled orogen 
field that indicates limited mixing between two compositional end-members (a 
subduction complex and the Antelope Mountain Quartzite) (Figure 24 A).
Conclusions
Pétrographie analysis o f  sandstones reveals quartzolithic (Ls- and Lm-rich 
petrofacies) and quartzose petrofacies. The Ls-rich petrofacies was derived principally 
from a subduction complex with minor contributions from crystalline and volcanic arc 
sources. In contrast, the Lm-rich petrofacies was derived principally from a crystalline 
(predominately metamorphic) cratonic source.
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(a)
Figure 25; (a) Photomicrograph o f  monocrystalline quartz grain with abundant trains o f  
inclusions (Antelope Mountain Quartzite). (b) Monocrystalline quartz grain in the Moffett 
Creek Formation with texturally similar trains o f  inclusions. Field o f  view is 3 mm.
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(a)
Figure 26: (a) Photomicrograph o f  elongate polycrystalline quartz variety (Antelope 
Mountain Quartzite). (b) Texturally similar elongate polycrystalline quartz variety from 
the Moffett Creek Formation. Field o f  view in both photomicrographs is 3 mm.
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(a)
(b)
Figure 27: (a) Photomicrograph o f  equant polycrystalline quartz variety (Antelope 
Mountain Quartzite). (b) Texturally similar equant polycrystalline quartz variety from the 
Moffett Creek Formation. Field o f  view in both photomicrographs is 3 mm.
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The quartzose petrofacies is interpreted to be blocks o f  the Antelope Mountain 
Quartzite because it exhibits identical framework grains, textures, textural maturity, and 
detrital modes. The quartzose petrofacies was derived from a crystalline (predominately 
metasedimentary) cratonic source. The apparent compositional mixing o f  sediment 
derived from an Early Paleozoic subduction complex and a crystalline cratonic source 
strongly suggests that the Antelope Mountain Quartzite in part supplied detritus to the 
quartzolithic (Ls- and Lm-rich) petrofacies o f  the Moffett Creek Formation.
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D E P O S IT IO N A L  S E T T IN G
Independent Geologic Evidence o f  the 
Deposit:onal Setting
Previous workers have suggested that the Moffett Creek Formation was deposited 
in an arc-trench gap as trench-fill (Hotz, 1977; Potter et al., 1977). In previous studies of 
ancient accretionary belts, the term trench-fill is ambiguous and represents either an 
accreted abyssal plain succession or a trench-fioor succession that is preserved despite 
convergence (e.g., Nilsen and Moore, 1979; Hesse, 1982; Nilsen and Zuffa, 1982; Taira et 
al., 1982). This section evaluates the relationship between the regional geologic context 
o f  the Moffett Creek and data from the Moffett Creek itself in an attempt to differentiate 
between abyssal plain and trench-fioor origins. A brief summary o f  its regional geologic 
context is given below.
The schist o f  Skookum Gulch is located southeast o f  the western part o f  the 
Moffett Creek Formation and contains Upper Ordovician blueschist blocks that provide 
evidence for Ordovician subduction in the Yreka terrane (Cotkin, 1987; Cotkin et al., 
1992) (Figure 28). The Central Metamorphic Belt (CMB), which is exposed along the 
western margin o f  the Moffett Creek, has been interpreted as an east-dipping Devonian 
subduction zone (Peacock, 1987; Peacock and Norris, 1989) (Figure 28). The Eastern 
Klamath terrane (EKT) occurs southeast o f  the Moffett Creek and represents an immature
78
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Figure 28: Generalized geologic map of the Yreka terrane showing components o f a 
Devonian convergent margin. Documented sandstone petrofacies in the Moffett Creek 
Forrnation are located in sections A-(Quartzolithic and Quartzose) and 
B-(Lithofeldspathic) (modified after Wallin et al., 1988). In the explanation, each 
quadrangle is 15 minutes.
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Quaternary- alluvium.
Central Metamorphic Belt and Western Paleozoic-Trassic 
Belt (Devonian to Triassic)- undifferentiated.
Gazelle Formation (Lower to Middle(?) Devonian)- 
volcaniclastic sandstone, shale, and mudstone unit.
Limestone blocks (Silurian)- occur as olistoliths within 
the Moffett Creek Formation.
Moffett Creek Formation (Late Silurian to Early 
Devonian(?))- quartzofeldspathic sandstone unit.
Ouzel Phyllite (Ordovician-Late Silurian)- 
quartzofeldspatnic phyllitic siltstone unit.
Sissel Gulch Graywacke (Late Silurian)- volcaniclastic 
sandstone unit.
Antelope Mountain Quartzite (Neoproterozoic to 
Ordovician(?))- coarse-grained quartzofeldspathic 
sandstone unit.
Melange units (Ordovician to Middle Devonian) including 
schist o f Skookum Gulch, Schulmeyer Gulch, Horseshoe 
Gulch, Lover's Leap, and Gregg Ranch Complex.
Trinity terrane (lower Paleozoic)- undifferentiated. 122°45'
Thrust fault
Normal Fault
Undifferentiated 
fault contact
Figure 28: Contd.
41 30'
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Early Devonian volcanic arc system (Kinkel et a!., 1956; Lapierre et al., 1985; Doe et al , 
1985, Miller, 1989).
The Lower to Middle Devonian Gregg Ranch Complex (GRC) is exposed east o f  
the Moffett Creek Formation, and is a melange consisting o f  disrupted blocks in a sheared 
and scaly pelitic matrix (Figure 28). Native and exotic blocks include shale, sandstone, 
mudstone, graywacke, bedded chert, limestone, pillow basalt, metagabbro, and 
serpentinite (Lindsley-Griffin et al., 1991). The Gregg Ranch Complex is interpreted as an 
accretionary complex because o f  its structural style and the mixture o f  exotic and native 
lithologies (Lindsley-Griffm et al., 1991; Wallin and Trabert, 1994). Blocks o f  Moffett 
Creek sandstone commonly occur in the Gregg Ranch Complex (Lindsley-Griffm et al., 
1991; Wallin and Trabert, 1994). The occurrence o f  Moffett Creek sandstone blocks in 
the Gregg Ranch Complex indicates that the Moffett Creek Formation was recycled in a 
dynamic convergent margin setting during the Devonian (Figure 5).
The Lower to Middle(?) Devonian Gazelle Formation (GF) occurs to the east o f  
the Moffett Creek, and consists o f  poorly fossiliferous shale, siltstone, siliceous mudstone, 
volcaniclastic sandstone, and minor conglomerate (Figure 28). The Gazelle Formation 
occurs in an elongate basin (22 x 8 km) and locally lies unconformably on melange o f  the 
subjacent Gregg Ranch Complex (Trabert, 1992; Wallin and Trabert, 1992; Wallin and 
Trabert, 1994). Structural, stratigraphie, and sedimentological evidence indicate that the 
Gazelle Formation was deposited in a trench-slope setting (Lindsley-Griffm et al., 1991; 
Wallin and Trabert, 1994). Micaceous sandstone clasts o f  the Moffett Creek Formation 
occur in conglomerate o f  the Gazelle Formation, which indicates an apparent interaction 
between the Gregg Ranch Complex and Gazelle Formation during the Early Devonian 
(Wallin and Trabert, 1994) (Figure 5).
Petrographically distinctive volcanogenic detritus (bladed albite mosaics) occur in 
both the Moffett Creek and the somewhat younger Devonian Gazelle Formation (Figure
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23) (Gin and Wallin, 1994). The occurrence o f  texturally similar volcanogenic detritus in 
both formations can be explained by two different scenarios. Volcanogenic detritus in the 
Moffett Creek could have been derived from a remnant paleovolcanic arc. Alternatively, 
this volcanogenic detritus could represent an early pulse o f  the neovolcanic sediment that 
was deposited in both the Moffett Creek and Gazelle Formation. To distinguish between 
these two different scenarios, future work on the geochronology o f  single detrital zircons 
from both formations should be applied.
As noted above, previous workers have documented the existence o f  an early 
Paleozoic convergent margin system (Hotz, 1977; Potter et al., 1977; Lapierre et al.,
1985; Doe et al., 1985; Cotkin, 1987; Peacock, 1987; Peacock and Norris, 1989; Miller, 
1989; Lindsley-Griffin et al., 1991; Cotkin et al., 1992; Wallin and Trabert, 1994). 
Evidence that supports the existence o f  an early Paleozoic convergent-margin setting 
include:
(1) The occurrence o f  Upper Ordovician blueschist blocks (schist o f  Skookum 
Gulch);
(2) A remnant, east-dipping Devonian subduction zone (CMB);
(3) A Lower to Middle Devonian accretionary complex (GF);
(4) A Lower to Middle(?) Devonian trench-slope basin overlying the accretionary 
complex (GRC); and
(5) An Early Devonian immature volcanic-arc system (EKT) (Figure 5).
Several workers had suggested that the Moffett Creek was part o f  a submarine fan
complex that formed in an arc-trench gap (Hotz, 1977; Potter et al., 1977). 
Quartzofeldspathic siliciclastic units (Antelope Mountain Quartzite, Moffett Creek 
Formation, Duzel Phyllite) in the Yreka terrane lack shallow water deposits, freshwater 
fauna, subaerial exposure indicators, and oxidation horizons, which is consistent with a 
deep-sea environment o f  deposition. The relatively thick interval o f  radiolarian chert in
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the Antelope Mountain Quartzite is also consistent with deposition in a deep-sea 
environment (Hotz, 1977). The relative age o f  these quartzofeldspathic siliciclastic units 
is uncertain because these rocks are sparsely fossiliferous and the nature o f  contacts 
between them is equivocal.
Relative Aae o f  Quartzofeldspathic Siliciclastic 
Units in the Yreka Terrane 
Quartzofeldspathic rocks that are genetically related to the Moffett Creek 
Formation include the Antelope Mountain Quartzite and Duzel Phyllite (Figure 28). 
Multigrain fractions o f  detrital zircon from all three quartzofeldspathic units indicate that 
these units were derived from the same ultimate source (Wallin, 1988). Most contacts 
between these units are thrust faults, however if interpreted correctly, the Antelope 
Mountain Quartzite appears to overlie the Duzel Phyllite depositionally in several areas 
(Hotz, 1977). The depositional contact between the Antelope Mountain Quartzite and 
Duzel Phyllite may be mapped incorrectly because the contact is poorly exposed and has 
not been studied in detail. Consequently, the relative age o f  these poorly fossiliferous 
quartzofeldspathic siliciclastic units is uncertain. Wallin (1993) suggested the Antelope 
Mountain Quartzite is an older unit that supplied sediment to the Moffett Creek Formation 
and Duzel Phyllite. Significantly, the western part o f  the Moffett Creek Formation, 
contains elongated olistoliths o f  the Antelope Mountain Quartzite that are concordant to 
well-stratified siltstones and sandstones o f  the Moffett Creek, which supports that idea 
(see Sedim entology and Petrology).
Direct Evidence o f  the Depositional Setting 
The broad regional context o f  the Moffett Creek Formation as discussed above 
indicates deposition in an arc-trench gap. Additionally, Gin and Wallin (1994) established
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that sandstones in the Moffett Creek Formation were derived from a crystalline cratonic 
source, a partially-dissected magmatic arc, and a subduction complex (Figure 24). Recent 
geologic studies have further narrowed the possible depositional settings to either an 
abyssal plain or trench-fioor setting (Gin and Wallin, 1994). The following analysis 
evaluates the relative merits o f  the two possibilities.
Moffett Creek conglomerates (Ls-rich petrofacies) are well-sorted, very thick- 
bedded and granules are subrounded to subangular. Deep-sea cores from Cenozoic 
abyssal plains reveal a lack o f  very thick-bedded, well-sorted, granule conglomerates (e.g., 
Kulm et al., 1973; Scholl et al., 1973; Elmore et al., 1979; Piper et al., 1988; Ludden et 
al., 1990; Taira et al., 1991). An empirical study o f  modern deep-marine cohesionless, 
well-sorted sediment from the Astoria Fan indicates runout distances o f  granules to be less 
than 100 km from the point source (Nelson and Nilsen, 1974) (Figure 29). The Astoria 
Fan is a reasonable modern analogue for conglomerates o f  the Moffett Creek because it 
exhibits similar depositional processes (e.g.. Nelson and Nilsen, 1974). These similarities 
suggest that well-sorted, very thick-bedded, granule conglomerates in the Moffett Creek 
are deposited within 100 kilometers o f  a point source. The limited runout distances o f  
granule conglomerates preclude deposition on an abyssal plains because a pulse o f  
cohesionless granule conglomerates cannot be transported lOO’s o f  kilometers to the deep- 
sea (e.g., Kulm et al., 1973; Scholl et al., 1973; Ludden et al., 1990; Piper et al., 1988; 
Elmore et al., 1979; Taira et al., 1991). The occurrence and composition o f  granule 
conglomerates (Ls-rich petrofacies) in the Moffett Creek probably indicate deposition in a 
trench-fioor setting proximal to an early Paleozoic subduction complex (Figure 5).
Given the discrete nature o f  the lithic fragment populations in the Ls-rich and Lm- 
rich petrofacies and the different sources o f  these petrofacies, each petrofacies probably 
represents separate dispersal systems. The Lm-rich petrofacies was derived from a 
crystalline metamorphic cratonic source. The composition o f  Ls granules in the Ls-rich
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petrofacies indicates derivation principally from a subduction complex with minor 
contributions from crystalline cratonic and volcanic arc sources. A lithofeldspathic 
sandstone petrofacies occurs in the eastern part o f  the Moffett Creek Formation (Figure 
28) (Gin and Wallin, 1994). The coarseness and purity o f  volcanic detritus in the 
lithofeldspathic petrofacies indicate derivation from a proximal volcanic arc source (Figure
24). The compositional discreteness o f  the lithic fragment populations o f  each petrofacies 
indicates limited mixing, which precludes long distances o f  transport. Abyssal plain sands 
are compositionally homogeneous due to the mixing o f  sediment during transport from the 
continent to the abyssal plain (e.g., Stewart, 1976; Elmore et al., 1979; Ingersoll and 
Suczek, 1979, Underwood, 1986; Gergen and Ingersoll, 1986; Marsaglia and Ingersoll, 
1992; Underwood et al., 1993). Given the inferred provenance and the discrete nature o f  
the lithic fragment populations o f  each sandstone petrofacies, deposition o f  the Moffett 
Creek sandstones may have occurred in a basin proximal to the sources. Thus, the 
sandstone composition o f  the Moffett Creek Formation appears to be most consistent with 
deposition in a trench-fioor setting (Figure 5).
In summary, independent evidence from geologic units surrounding the Moffett 
Creek indicates deposition on an active convergent margin as trench-fill deposits (either an 
abyssal plain or trench-fioor setting) (Hotz, 1977; Potter et al., 1977; Lapierre et al., 1985; 
Doe et al., 1985; Cotkin, 1987; Peacock, 1987; Peacock and Norris, 1989; Miller, 1989; 
Lindsley-Griffm et al., 1991; Cotkin et al., 1992; Wallin and Trabert, 1994). Direct 
evidence from the Moffett Creek Formation precludes an abyssal plain setting. 
Furthermore, no evidence was observed that was inconsistent with a trench-fioor setting. 
For reasons stated above, it appears that the sedimentological and pétrographie aspects o f  
the Moffett Creek Formation are most consistent with deposition in a trench-fioor setting.
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C H A P T E R  10 
C O N C L U SIO N S
1. The western part o f  the Late Silurian-Early Devonian(?) Moffett Creek Formation is 
predominately a coherent succession o f  folded turbidites that was carried in a thrust plate 
and then internally disrupted by a flat-lying thrust fault o f  unknown age. This major flat- 
lying thrust overlies a east to northeast-vergent footwall syncline indicating east to 
northeast-directed thrusting. Similar fold vergence occurs in the Lower to Middle{?) 
Devonian Gazelle Formation. Together, these structures may reflect a regional a post- 
Early Devonian or Mesozoic deformational event throughout the Yreka terrane.
2. Sedimentary deposits are predominately tabular turbidites rather than melange. 
Evidence for fan-lobe development and channelization was not apparent in the field. In 
contrast, the tabular nature and uniform lateral thickness o f  turbidite strata indicate 
deposition by unconfined turbidity flows in a sheet system.
3. In the western part o f  the Moffett Creek Formation, isolated quartzite blocks are 
compositionally and texturally identical to the Antelope Mountain Quartzite. These 
quartzite blocks are interpreted as olistoliths because no evidence was found for structural 
emplacement and because these elongate blocks are concordant to well-stratified siltstones 
and sandstones o f  the Moffett Creek.
4. Several scenarios can partially explain the absence o f  bioturbation, shale, and pelagic
deposits in the western part o f  the Moffett Creek Formation. Regardless o f  the underlying
mechanisms, the absence o f  bioturbation, shale, and pelagic deposits in the Moffett Creek
87
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implies deposition in a deep-sea basin where the sedimentation rate was high relative to 
that on abyssal plains.
5. Pétrographie analysis o f  sandstones revealed a distinct quartzolithic petrofacies that can 
be subdivided into Lm-rich and Ls-rich petrofacies. The Lm-rich petrofacies was derived 
from a crystalline cratonic source (predominately metamorphic), while the Ls-rich 
petrofacies was derived principally from a subduction complex with minor contributions 
from crystalline cratonic and volcanic arc sources. Olistoliths o f  quartzite (quartzose 
petrofacies) were derived from the Antelope Mountain Quartzite.
6 . Provenance discrimination diagrams illustrate limited mixing between two 
compositionally discrete end members, the Antelope Mountain Quartzite and a subduction 
complex. The occurrence o f  olistoliths o f  the Antelope Mountain Quartzite in the Moffett 
Creek, as well as textural evidence o f  similar detritus in the Moffett Creek strongly 
suggests that the Antelope Mountain Quartzite supplied crystalline cratonic detritus to the 
Moffett Creek Formation.
7. Sedimentological and pétrographie evidence from the Moffett Creek precludes an 
abyssal plain setting. Additionally, no evidence was observed that was inconsistent with a 
trench-floor setting. Sedimentological and pétrographie aspects o f  the Moffett Creek are 
most consistent with deposition in a trench-floor setting.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
R E F E R E N C E S  C IT E D
Abbate, E., Bortolotti, V., and Passerini, P., 1970, Olistostromes and Olistoliths: 
Sedimentary Geology, v. 4, p. 521-557.
Allmendinger, R., 1989, STEREONET 4.3, copyright by Absoft. Corp. 1988.
Arnott, R. W. and Hand, B. M., 1989, Bedforms, primary structures, and grain fabric 
in the presence o f  suspended sediment rain: Journal o f  Sedimentary Petrology,
V. 59, p .  1062-1069.
Bates, R., and Jackson, J., 1980, Glossary o f  Geology: American Geological Institute, Fall 
Church, Virginia, second edition, 751 p.
Bond, G , and Devay, J., 1980, Pre-upper Devonian quartzose sandstones in the Shoo Fly 
Formation, northern California- petrology, provenance, and implications for 
regional tectonics: Journal o f  Geology, v. 88, p. 285-308.
Bouma, A. H., 1962, Sedimentology o f  some Flysch Deposits: a graphic approach to 
facies interpretations: Elsevier Publishing Co., Amsterdam, 168 p.
Burchfiel, B. C , and Davis, G. A., 1981, Triassic and Jurassic tectonic evolution o f  the 
Klamath Mountains- Sierra Nevada geologic terranes: in W.G. Ernst, ed.. The 
geotectonic development o f  California, Rubey Volume 1, Prentice-Hall,
Englewood Cliffs, New Jersey, p. 50-70.
Burchfiel, B C , and Davis, G. A., 1975, Nature and controls o f  Cordilleran orogenesis, 
western United States- extensions o f  an earlier synthesis: American Journal o f  
Science 275-A, 363-396.
Cashman, S. M., 1980, Devonian metamorphic event in the northeastern Klamath
Mountains, California: Geological Society o f  America Bulletin, v. 91, p.453-459.
Coleman, J. M.. Prior, D. B., and Lindsay, J. F , 1983, Deltaic influences on shelf edge 
instability processes, in D.J. Stanley, and G.T. Moore, eds.. The shelf break, 
critical interface on continental margins: Society o f  Economic Paleontologists and 
Mineralogists Special Publication 33, p. 121-137.
Cotkin, S. J , Cotkin, M. L., and Armstrong, R. L., 1992, Early Paleozoic blueschist from 
the schist o f  Skookum Gulch, eastern Klamath Mountains, northern California: 
Journal o f  Geology, v. 100, p. 323-338.
89
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
90
Cotkin. S. J., 1987. Conditions o f  metamorphism in an early Paleozoic blueschist, schist of 
Skookum Gulch, northern California: Contributions to Mineralogy and Petrology. 
V. 96, p. 192-200.
Crimes. T. P.. Garcia Hidalgo, J., and Poire, D , 1992, Trace fossils from Arenig flysch 
sediments o f  Eire and their bearing on the early colonisation o f  the deep-sea: 
Ichnos, V. 2, p. 1-17.
Crimes, T. P., and Crossley, J. P., 1991, A diverse ichnofauna from the Silurian flysch o f  
the Aberystwyth Grits Formation, Wales: Geological Journal, v. 26, p. 27-64.
Curray, J. R., and Moore, D. G , 1974, Sedimentary and tectonic processes in the Bengal 
deep-sea fan and geosyncline, in C A Burk, and C.L. Drake, eds.. The geology o f  
continental margins: Springer-Verlag, New York, p. 617-627.
Dahlstrom, C , 1969, Balanced cross sections: Canadian Journal o f  Earth Sciences, v. 6 , p. 
743-757.
Damuth, J. E., and Flood, R. D., 1983/84, Morphology, sedimentation processes, and 
growth patterns o f  the Amazon deep-sea fan: Geo-Marine Letters, v. 3, p. 109- 
117.
Dickinson, W, R , 1985. Interpreting provenance relations from detrital modes o f
sandstones: in G.G. Zuffa, ed.. Provenance o f  Arenites, North Atlantic Treaty 
Organization, Advanced Study Institute Series 148, Dordrecht, Reidel, p. 333-361.
Dickinson, W. R., 1982, Compositions o f  sandstones in Circum-Pacific subduction
complexes and fore-arc basins: American Association o f  Petroleum Geologists 
Bulletin, v. 66, p. 121-137.
Dickinson, W. R , 1970, Interpreting detrital modes o f  graywackes and arkose: Journal o f  
Sedimentary Petrology, V. 40, no. 2, p. 695-707.
Dickinson, W. R , and Suczek, C. A., 1979, Plate tectonics and sandstone compositions: 
American Association o f  Petroleum Geologists Bulletin, v. 63, p. 2164-2182.
Doe. B. R., Delevaux, M. H., and Albers, J., 1985, The plumbotectonics o f  the West
Shasta mining district, eastern Klamath Mountains, California: Economic Geology, 
V. 80, p. 2136-2148.
Dott, R. H., 1964, Wacke, graywacke and matrix - what approach to immature sandstone 
classification: Journal o f  Sedimentary Petrology, v. 34, p. 625-632.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
91
Droz, L , 1983, L'eventail sous-marin profond du Rhone (Golfe du Lion): Grans traits
morphologiques et structure semi-profonde [Ph.D. thesis]: Paris, Université Pierre 
et Marie Curie, Paris VI, 195 p.
Elliott, D , 1983, The construction o f  balanced cross-sections: Journal o f  Structural 
Geology, v. 5, p. 101.
Elmore, R , Pilkey, O , Cleary, W., and Curran, H., 1979, Black shell turbidite, Flatteras 
Abyssal Plain, western Atlantic Ocean: Geological Society o f  American Bulletin, 
Part 1, V. 90, p. 1165-1176.
Evernden, J. F., and Kistler, R. W., 1970, Chronology o f  emplacement o f  Mesozoic
batholithic complexes in California and western Nevada: U. S. Geological Survey 
Professional Paper 623, 42 p.
Folk, R. L., 1974, Petrology o f  Sedimentary Rock: Hemphill's Bookstore, Austin, Texas, 
170 p.
Garrison, L. E., Kenyon, N. H., and Bouma, A. H , 1982, Channel systems and lobe 
construction in the Mississippi fan: Geo-Marine Letters, v. 2, p. 31-39.
Gazzi, P., 1966, Le arenarie del flysch sopracretaceo dell 'Appennino modenese;
correlazioni con il flysch di Monghidoro: Mineralog. et Petrog. Acta, v. 12, p. 69- 
97.
Gergen, L , and Ingersoll, R , 1986, Petrology and provenance o f  deep sea drilling project 
sand and sandstone from the north Pacific Ocean and the Bering Sea: Sedimentary 
Geology, v. 51, p. 29-56.
Gin, G. M., and Wallin, E. T., 1994, A new interpretation for the Moflfett Creek
Formation, Eastern Klamath Mountains, northern California (abs ): Geological 
Society o f  America Abstracts with Programs, v. 26, no. 2, p. 54.
Hamilton, E. L , 1973, Marine Geology o f  the Aleutian Abyssal Plain: Marine Geology, v 
14., p. 295-325.
Hesse, R., 1982, Cretaceous-Paleogene flysch zone o f  the East Alps and Carpathians: 
identification and plate-tectonic significance of'dormant' and 'active' deep-sea 
trenches in the Alpine-Carpathian Arc: in J.K. Leggett, ed., Trench-Forearc 
Geology, Geological Society Special Publication no. 10, Blackwell Scientific 
Publications, London, p. 471-495,
Hotz, P. E., 1977, Geology o f  the Yreka quadrangle, Siskiyou County, California: U.S. 
Geological Survey Bulletin 1436, 72 p.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
9 2
Howell, D. G , and Normark, W. R., 1982, Submarine Fans: in P. A. Scholle and D. 
Spearing, eds.. Sandstone Depositional Environments, AAPG Memior 3 1, 
American Association o f  Petroleum Geologist, Tulsa, Oklahoma, p. 365-404,
Ingersoll, R , and Suczek, C , 1979, Petrology and provenance o f  Neogene sand from the 
Nicobar and Bengal fans, DSDP sites 211 and 218: Journal o f  Sedimentary 
Petrology, v. 49, p. 1217-1228.
Ingram, R. L., 1954, Terminology for the thickness o f  stratification and parting units in 
sedimentary rocks: Geological Society o f  America Bulletin, v. 65, p. 937-938.
Irwin, W. P., 1985, Age and tectonics o f  plutonic belts in accreted terranes o f  the Klamath 
Mountains, California and Oregon: in D.G. Howell, ed., Tectonostratigraphic 
terranes o f  the Circum-Pacific region, American Association o f  Petroleum 
Geologists, Earth Sciences Series Volume 1, Tulsa, Oklahoma, p. 187-199,
Irwin, W. P., 1989, Terranes o f  the Klamath Mountains, California and Oregon: in M.C. 
Blake, and D.S. Harwood, eds.. Tectonic evolution o f  northern California: 
International Geological Congress, 28th, Field Guidebook T108, p. 19-32.
Irwin, W. P., Jones, D. L., and Kaplan, T A., 1978, Radiolarians from pre-Nevadan rocks 
o f  the Klamath Mountains, California and Oregon: in D.G. Howell, and K. A, 
McDougall, eds., Mesozoic paleogeography o f  the western United States: Pacific 
Coast Paleogeography Symposium 2: Society o f  Economic Paleontologists and 
Mineralogists, Pacific Section Publication No. 8, p. 303-310.
Jacka, A. D , Germain, R. H., St. Germain, L. C , and Harrison, S. C., 1968, Permian 
deep-sea fans o f  the Delaware Mountain Group (Guadalupian), Delaware basin: 
Society o f  Economic Paleoi tologists and Mineralogists, Permian Basin Section 
Publication 68-11, p. 49-90.
Jacobsen, S., Quick, J., and Wasserburg, G , 1984, A Nd and Sr isotopic study o f  the
Trinity peridotite- Implications for mantle evolution: Earth and Planetary Science 
Letters 68 , p. 361-378.
Klanderman, D., 1977, Geology o f  the Antelope Mountain Quartzite, Yreka Quadrangle, 
California: [unpublished M.S. thesis] Covallis, Oregon, Oregon State University,
126 p.
Kulm, L., et al., 1973, Site 174, Site, 178, and Site 180: in Kulm, L., von Huene, R , et 
al., eds.. Initial Reports o f  the Deep Sea Drilling Project, Honolulu, Hawaii to 
Kodiak, Alaska, Volume 18: Washington, D. C , U.S. Government Printing 
Office, p. 97-168, 287-376, and 407-448.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
9 3
Lapierre. H., Albarede, F., Albers, J., Cabanis, B., and Coulon, C , 1985, Early Devonian 
volcanism in the eastern Klamath Mountains, California; Evidence for an immature 
island arc: Canadian Journal o f  Earth Science, v. 22, p. 214-227.
Lindsley-Griffm, N., 1991, The Trinity Complex: A Polygenetic Ophiolitic Assemblage: in 
J D Cooper and C.H. Stevens, eds.. Paleozoic Paleogeography o f  the Western 
United States, Pacific Section, Society for Sedimentary Geology, v. 2, p. 589-608.
Lindsley-GrifTin, N., Griffin, J. R., and Wallin, E. T., 1991, Redefinition o f  the Gazelle
Formation o f  the Yreka Terrane, Klamath Mountains, California: Paleogeographic 
implications: in J.D. Cooper and C.H. Stevens, eds.. Paleozoic Paleogeography o f  
the Western United States, Pacific Section, Society for Sedimentary Geology, v. 2, 
p. 609-624.
Lindsley-Griffm, N., and Griffin J. R , 1983, The Trinity terrane - an early Paleozoic
microplate assemblage: in C.H. Stevens, ed., Pre-Jurassic rocks in western North 
American suspect terranes: Pacific Section, Society o f  Economic Paleontologists 
and Mineralogists, Los Angeles, California, p. 63-76.
Lowe, D. R , 1982, Sediment gravity flows: Two depositional models with special 
reference to the deposits o f  higher density turbidity currents: Journal o f  
Sedimentary Petrology, v. 52, p. 279-297.
Lowe, D. R , 1976, Grain flow and grain flow deposits: Journal o f  Sedimentary Petrology. 
V. 46, p . 188-199.
Ludden, J. N., et al., 1990, Proceedings o f  the Ocean Drilling Program, Initial Reports, 
Argo Abyssal Plain / Exmouth Plateau, Volume. 123: College Station, Texas, 716 
P
Marsaglia, K., and Ingersoll, R , 1992, Compositional trends in arc-related, deep marine 
sand and sandstone: A reassessment o f  magmatic-arc provenance: Geological 
Society o f  America Bulletin, v. 104, p. 1637-1649.
Marshak, S., and Mitra, G , 1988, Basic Methods o f  Structural Geology: Prentice-Hall, 
Inc., Englewoods Cliffs, New Jersey, 446 p.
Mattinson, J., and Hopson, C , 1972, Paleozoic ophiolitic complexes in Washington and 
northern California: Carnegie Institute o f  Washington Yearbook 71, p. 578-583.
Middleton, G. V., 1967, Experiment on density and turbidity currents: Deposition o f  
sediment: Canadian Journal o f  Earth Science, v. 4, p. 475-505.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
94
Middleton, G. V., and Hampton, M. A., 1976, Subaqueous sediment transport and
deposition by sediment gravity flows, in D.J. Stanley, and D P. Swiff, eds.. Marine 
sediment transport and environmental management, John Wiley and Sons, New 
York, p. 197-218.
Miller, M , 1989, Stratigraphy and Structure o f  an Ancient Island Arc: Late Paleozoic and 
Early Mesozoic Evolution o f  the Eastern Klamath Terrane, Near McCloud Lake, 
Northern California: in M.C. Blake, and D C Harwood, eds.. Tectonic evolution 
o f  northern California: International Geological Congress, 28th, Field Trip 
Guidebook T108, p. 33-45.
Miller, M , 1987, Dispersed remnants o f  a northern Pacific fringing arc - Upper Paleozoic 
island arc terranes o f  Permian McCloud faunal affinity, western United States: 
Tectonics, v. 6, p. 807-830.
Miller, M., and Harwood, D. S., 1990, Paleogeographic setting o f  upper Paleozoic rocks 
in the northern Sierra and eastern Klamath terranes, northern California: in D S. 
Harwood, and M. Miller, eds.. Paleozoic and early Mesozoic paleogeographic 
relations; Sierra Nevada, Klamath Mountains, and related terranes: Boulder, 
Colorado, Geological Society o f  America Special Paper 255, p. 175-192.
Mutti, M , and Normark, W., 1991, An integrated approach to the study o f  turbidite 
systems: in P. Weimer, and M. Link, eds.. Seismic facies and sedimentary 
processes o f  submarine fans and turbidite systems: Springer-Verlag, New York, 
Inc., p. 75-106.
Mutti, M., and Normark, W., 1987, Comparing examples o f  modern and ancient turbidite 
systems: problems and concepts: in J.K. Leggett, and G G , Zuffa, eds.. Marine 
Clastic Sedimentology, p. 1-38.
Mutti, E., 1977, Distinctive thin-bedded turbidite facies and related depositional 
environments in the Eocene Hecho Group (south-central Pyrenees, Spain): 
Sedimentology, v. 24, p. 107-131.
Mutti, E., and Ricci Lucchi, F., 1972, Turbidites o f  the northern Apennines: Introduction 
to facies analysis (English translation by T H Nilsen, 1978): International Geology 
Review, v. 20, p. 125-166.
Nilsen, T., and Zuffa, G , 1982, The Chugach terrane, a Cretaceous trench-fill deposit: in 
J.K. Leggett, ed., Trench-Forearc Geology, Geological Society Special Publication 
no. 10, Blackwell Scientific Publications, London, p. 213-227.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
95
Nilsen, T., and M oore, G., 1979, Reconnaissance study o f  Upper Cretaceous to M iocene 
stratigraphie units and sedimentary facies, Kodiak and adjacent islands, Alaska: 
U.S. Geological Survey Professional Paper 1093, 34 p.
Normark, W. R., and Piper, D. W., 1969, Deep-sea fan valleys, past and present: 
Geological Society o f  American Bulletin, v. 80, p. 1859-1866.
Oldow, J., Bally, A., Ave' Lallemant, H., and Leeman, W., 1989, Phanerozoic evolution 
o f  the North American Cordillera; United States and Canada: in A. Bally, and A. 
Palmer, eds.. The Geology o f  North America; an overview: Geological Society o f  
America, Boulder, Colorado, The Geology o f  North America- Volume A, p. 139- 
232.
Peacock, S. M , 1987, Serpentinization and infiltration metasomatism in the Trinity
peridotite, Klamath M ountains, northern California: implications for subduction 
zones: Contributions to Mineralogy and Petrology, v. 95, p. 55-70.
Peacock, S. M , and Norris, P. J , 1989, M etamorphic evolution o f  the Central
M etamorphic Belt, Klamath Province, California: an inverted m etamorphic 
gradient beneath the Trinity peridotite: Journal o f  M etam orphic Geology, v. 7, p. 
191-209.
Pettijohn, F. J , Potter, P., and Siever, R., 1973, Sand and Sandstone, Springer-Verlag, 
New York, 618 p.
Pickering, K. T., Hiscott, R. N., and Hein, F. J., 1989, Deep M arine Environments, clastic 
sedimentation and tectonics: Unwin Hyman, London, 416 p.
Pilkey, O , 1988, Basin plains; Giant sedimentation events: in H. Clifton, ed.,
Sedimentologic Consequences o f  Convulsive Geologic Events, Geological Society 
o f  America Special Paper 229, p. 93-99.
Pilkey, O , 1987, Sedimentology o f  basin plains: in P. Weaver, and J. Thom son, eds.. 
G eology and Geochemistry o f  Abyssal Plains, Geological Society Special 
Publication no. 31, Blackwell Scientific Publications, London, p. 1-12.
Piper. D. J., Shor, A., Hughes Clark, J., 1988, The 1929 "Great Banks" earthquake,
slump, and turbidity current, in H. Clifton, ed., Sedimentologic Consequences o f 
Convulsive Geologic Events, Geological Society o f  America Special Paper 229, p. 
77-92.
Power, M. C , 1953, A new roundness scale for sedimentary particles: Journal o f  
Sedimentary Petrology, v. 23, p. 117-119.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited w ithout perm iss ion .
9ft
Potter. A. W , Boucot, .A.. Bergstrom. S.. Blodgett, R., Dean, W., Flory, R , Ormiston,
A., Pedder, A., Rigby, J., Rohr, D , and Savage, N.. 1990, Early Paleozoic 
stratigraphie, paleogeographic, and biogeographic relations o f  the eastern Klamath 
belt, northern California: in D.S. Harwood, and M. Miller, eds.. Paleozoic and 
early M esozoic paleogeographic relations; Sierra Nevada, Klamath M ountains, and 
related terranes. Boulder, Colorado, Geological Society o f  America Special Paper 
255, p. 57-74.
Potter, A. W., Hotz, P. E , and Rohr, D. M., 1977, Stratigraphy and inferred tectonic
framework o f  lower Paleozoic rocks in the eastern Klamath mountains, northern 
California: in J.H. Stewart, C.H. Stevens, and A.E. Fritsche, eds., Paleozoic 
paleogeography o f  the western United States: Pacific section. Society o f  Economic 
Paleontologists and Mineralogists, Paleozoic Paleogeography Symposium Volume 
1, p. 421-440.
Ricci-Lucchi, F., 1981, The M arnoso-arenacea: A migrating turbidite basin (over)
supplied by a highly efficient dispersal system, L. Ricci-Lucchi, ed.. Excursion 
guidebook: International Association o f  Sedimentologists European Regional 
M eeting, 2nd, Bologna, Italy, p. 232-275.
Rubin, C , Miller, M., and Smith, G , 1990, Tectonic development o f  Cordilleran mid-
Paleozoic volcano-plutonic complexes; evidence for convergent margin tectonism: 
in D.S. Harwood, and M. Miller, eds.. Paleozoic and early M esozoic 
paleogeographic relations; Sierra Nevada, Klamath M ountains, and related 
terranes: Geological Society o f  America Special Paper, Boulder, Colorado, p. 1- 
16.
Scholl, D. W., et al., 1973, Site 183 : in Scholl, D. W ., et al., eds.. Initial Reports o f  the 
Deep Sea Drilling Project, Far N orth Pacific, Aleutian Ridge, and Bering Sea, 
Volume 19: U. S. Government Printing Office, W ashington, D. C , p. 19-29.
Shanmugam, G., Damuth, J , and Moiola, R., 1985, Is the turbidite facies association
scheme valid for interpreting ancient submarine fan environments: Geology, v. 13, 
p. 234-237.
Silver, E., and Beutner, E., 1980, Melanges: Penrose Conference Report, Geology, v. 8, 
p. 32-34.
Stauffer. P. H . 1967, Grain-flow deposits and their implications, Santa Ynez M ountains, 
California: Journal o f  Sedimentary Petrology, v, 37, p. 25-43.
Stewart, R., 1976, Turbidites o f  the Aleutian abyssal plain: Mineralogy, provenance, and 
constraints for Cenozoic motion o f  the Pacific plate: Geological Society o f 
America Bulletin, v. 87, p. 793-808.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
9 7
Stow, D, A V. and Bowen, A. J., 1980, A physical model for the transport and sorting o f 
fine-grained sediment by turbidity currents: Sedimentology, v. 27, p. 3 1-46.
Stow. D. A. V., and Piper, D, J. W., 1984, Deep-water fine-grained sediments: Facies
Models: in D. A. V. Stow, and D. J. W. Piper, eds., Fine-grained sediments: Deep- 
w ater Processes and Facies, Geological Society Special Publication 15., Blackwell, 
Oxford, p. 611-646.
Surdam, R., and Boles, J., 1979, Diagenesis o f volcanic sandstones: in P. A. Scholle, and 
P. R. Schluger, eds.. Society o f Economic Paleontologists and M ineralogists 
Special Publication No. 26, p. 227-242.
Taira, A , et al., 1991, Proceedings o f  the Ocean Drilling Program, Initial Reports, Nankai 
Trough, Volume 131: College Station, TX, 434 p.
Taira, A., Okada, H., McD W hitaker, J., and Smith, A., 1982, The Shimanto belt o f  Japan: 
Cretaceous-low er M iocene active-margin sedimentation: in J.K. Leggett, ed., 
Trench-Forearc Geology, Geological Society Special Publication no. 10, Blackwell 
Scientific Publications, London, p. 5-26.
Taylor, J M., 1950, Pore-space reduction in sandstones: American Association o f 
Petroleum Geologists Bulletin, v. 34, p. 701-716.
Trabert, D. W , 1992, Stratigraphy, Sedimentology, and Paleotectonic Setting o f  the
Gazelle Formation, Eastern Klamath Mountains, Northern California: [unpublished 
M.S. thesis] Las Vegas, Nevada, University o f  Nevada, Las Vegas, 162 p.
Thornburg, T. M., and Kulm, L. D , 1987, Sedimentation in the Chile Trench:
Depositional morphologies, lithofacies, and stratigraphy: Geological Society o f 
America Bulletin: v. 98, p. 33-52.
U nderwood. M., 1991, Submarine canyons, unconfined turbidity currents, and sediment 
bypassing o f forearc regions: Reviews in Aquatic Sciences, v. 4., p. 149-200.
U nderwood, M. 1986, Transverse infilling o f  the Central Aleutian Trench by unconfined 
turbidity currents: Geo-M arine Letters, v. 6, p. 7-13.
Underwood, M., et al., 1993, Provenance and dispersal patterns o f  sediments in the 
turbidite wedge o f  Nankai Trough, in I. A. Hill, A. Taira, J. Firth, et al..
Proceedings o f  the Ocean Drilling Program, Scientific Results, Site 808, Nankai 
Trough, Volume 131, College Station, Texas, p. 15-34.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
9 8
Underwood, M., and Bachman, S., 1982, Sedimentary facies associations within 
subduction complexes, in J.K. Leggett, ed., Trench-Forearc Geology: 
Sedimentation and Tectonics on M odern and Ancient Active Plate Margins, 
Geological Society o f London, Blackwell Scientific Publications, London, p. 537- 
550.
Von der Borch, C. C , et al., 1974, Initial reports o f  the Deep Sea Drilling Projects, Sites 
211 and 218, U.S. Government Printing Office, W ashington, D. C , v. 22, 890 p.
W alker, R. G , 1985, Geologic evidence for storm transportation and deposition on 
ancient shelves, in R. Tillman, D. Swiff, and R. Walker, eds.. Shelf sands and 
sandstone reservoirs. Society o f  Economic Paleontologist and M ineralogists short 
course notes no. 13, p. 243-302.
Walker, R. G , 1966, Deep channels in turbidite-bearing formations: American Association 
o f  Petroleum Geologists Bulletin, v. 50, p. 1899-1917.
Walker, R. G , 1965, The origin and significance o f  the internal sedimentary structures o f 
turbidites: Yorkshire Geological Society, v. 35, p. 1-32.
Wallin, E. T., 1988, Evolution o f  early Paleozoic terrigenous clastic sedimentation in the 
Yreka-Callahan terrane. Eastern Klamath M ountains, California (abs.): Geological 
Society o f  America Abstracts with Programs, v. 20, p. 231.
Wallin. E. T., 1989, Provenance o f  lower Paleozoic sandstones in the eastern Klamath 
M ountains and the Roberts M ountains allochthon, California and Nevada: 
[unpublished Ph.D. thesis] Lawrence, University o f  Kansas, 152 p.
Wallin, E. T., 1990, Petrogenetic and tectonic significance o f  xenocrystic Precambrian 
zircon in Low er Cambrian tonalité, eastern Klamath M ountains, California: 
Geology, v. 18, p. 1057-1060.
Wallin, E. T., 1993, Sonomia revisited: Evidence for a western Canadian provenance o f 
the Eastern Klamath and northern Sierra Nevada terranes (abs ): Geological 
Society o f America Abstracts with Programs, v. 25, p. 173.
Wallin, E. T , M attinson, J. M., and Potter, A. W., 1988, Early Paleozoic magmatic events 
in the eastern Klamath Mountains, northern California: Geology, v. 16, p. 144- 
148.
Wallin, E. T., and Trabert, D., 1992, Sedimentology o f  the Gazelle Formation, northern 
California: Evidence for deposition in a trench-slope setting (abs ): Geological 
Society o f America Abstracts with Programs, v. 24, p. 86 .
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
9 9
Wallin, E T., and Trabert, D , 1994, Eruption-controlled epiclastic sedimentation in a 
Devonian trench-slope basin: Evidence from sandstone petrofacies, Klamath 
M ountains, California: Journal o f  Sedimentary Research, v. A64, p. 373-385,
W estbrook, G.K., 1982, The Barbados Ridge Complex: tectonics o f  a mature forearc 
system, in J.K, Leggett, ed., Trench-Forearc Geology: Sedimentation and 
Tectonics on M odern and Ancient Active Plate Margins, Geological Society o f 
London, Blackwell Scientific Publications, London, p. 275-290.
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix A: Legend for all Measured 
Stratigraphie Sections
iili
Lithology
Granule Conglomerate
Sandstone
Siitstone
Sedimentary Structures
Asymmetrical Ripple
Trough Cross-Bedding 
Flute Cast
Load Cast
Convolute Bedding
Parallel Laminations
Irregular Bedding 
Bedding Obscure
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Appendix A: Measured Stratigraphie Section 1
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Appendix A
Measured Stratigraphie Section 1, Location: SW l/4, sec. 5, T41N, R8W
Thickness
(meters) MS-l-pl Description
102
Sandstone: Tan-olive, well 
sorted, indurated, thin to 
medium bedded, structureless, 
and tabular bedding.
12
Covered section
Sandstone: Tan-olive, 
compositionally homogeneous, well 
sorted, indurated, thick to very thick 
bedded, tabular bedding, and 
structureless. Some outcrops are 
fractured and bedding is obscure.
6 -
U  k  U  U; q  g
A
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Appendix A
Measured Stratigraphie Section 1 continued
Thickness
(meters) MS-l-p2 Description
103
27
Covered section
21
) i Sandstone: Tan-olive, well sorted, 
bedding is tabular to irregular,
! medium to thick bedded, and
structureless. Bedding was obscure 
near the top.
Covered section
Sandstone: Tan-olive, well sorted, 
subrounded, and compositionally 
homogeneous. Outcrops are poorly 
exposed and fractured.
Covered section
Intercalated Sandstone and 
Siltstone/Mudstone: Medium 
sandstones are tan-olive, subrounded, 
compositionally homogeneous, well 
sorted, indurated, very thick to thin 
bedded, tabular bedding, and 
structureless. Siltstone/mudstones are 
grey-black, grading vertically to 
tan-olive, and thin laminated.
k;2!U!ui i I
S  ; • : ; : jO lè l
I : : Î i ' A ■
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Appendix A
Measured Stratigraphie Section I continued
Thickness
(meters) M S -l-p3
104
Description
Intercalated Sandstone and Siitstone; 
Sandstones are tan-olive, 
compositionally homogeneous, thick 
to medium bedded, tabular to irregular 
bedding, and structureless. Siltstones 
are tan-olive and thick to thin 
la m in a te d . Siltstones are poorly 
exposed.
Intercalated Siitstone and Sandstone; 
Siltstones are tan-olive, thin laminated, 
and exhibits sparse asymmetrical 
ripples. The sandstone interval is 
tan-olive, well sorted, medium to thick 
bedded, tabular, and structureless.
Sandstone: Tan-olive, well sorted, 
indurated, irregular bedding, thick 
bedded, locally exhibits parallel 
lamination, and load casts occur at the 
base of beds.
Granule Conglomerate: Dark 
yellowish brown, well sorted, 
bimodal grain size population, 
irregular to tabular bedding, very 
thick bedded and structureless. Chert 
granules are either grey or black and 
subrounded to subangular.
Description on the preceding page.
O
A
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Appendix A
Measured Statigraphic Section 2, Location: NE 1/4, Sec. 12, T41N, R9W
106
Thickness
(meters) MS-2-pl Description
Siitstone and Sandstone: Siltstones are 
tan-olive, thin laminated, and 
intercalated with a sandstone interval 
that is tan-olive, medium bedded, well 
sorted, tabular, and structureless.
Covered section
Siltstones: Tan-olive, and very thin to 
thin laminated.
Siitstone and Sandstone Olistoliths: 
Siltstones are tan-olive, thin 
laminated, and may exhibit convolute 
laminations. Fine sandstone blocks 
(<1 meter in length) of the Moffett 
Creek are tan-olive, elongate, and 
completely surroimded by thin 
laminated siitstone.
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Appendix A
Measured Stratigraphie Section 2 continued
Thickness
(meters) MS-2-p2
107
Description
27 Sandstone: Tan-olive, well sorted, 
indurated, medium bedded, tabular 
93 Smc-18+19 bedding, and load casts occur at the 
base of the sandstone bed.
24
Covered section
:  t ‘ ‘  .  :
j >  .  '  ,  ,  '  . r *  .
l é  »  a •  ‘
j  /  ' .  '  A  '  .  y é '
.  ;
93 Smc-20
Sandstone: Tan-olive, compositionally 
homogeneous, well sorted, indurated, 
medium to thin bedded, tabular 
bedding, and locally exhibits parallel 
lamination, ripples, and abundant sole 
marks (load and groove casts).
93 Smc-21
Siitstone: Tan-olive, thin laminated, 
locally exhibits parallel lamination, and 
is intercalated with a sandstone interval 
that is tan, well sorted, medium 
bedded, tabular, and structureless.
Sandstone: The bottom sandstone unit 
is tan-olive, well sorted, medium to 
thin bedded, bedding is tabular, and 
locally exhibits millimeter-scale 
parallel lamination. The above 
medium to coarse sandstone interval is 
tan-olive, thin bedded, and bedding is 
tabular.
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Appendix A
Measured Stratigraphie Section 2 continued
Thickness
(meters) MS-2-p3 Description
1 08
39
3 6 - ^
Z 3
Sandstone: Tan-olive, well sorted, 
medium bedded, tabular bedding, 
structureless, and load casts occur at 
the base of the sandstone bed.
Covered section
Intercalated Sandstone/Siltstone: 
Sandstones are tan-olive, 
compositionally homogeneous, well 
sorted, indurated, very thick to 
medium bedded, locally exhibit 
convolute bedding, and sparse 
asymmetrical ripples. Abundant load 
casts occur at the base of sandstone 
beds. Intercalated with sandstones are 
siltstones that are tan-olive, thick to 
thin laminated, and exhibit wavy 
lamination.
Covered section
30
Sandstone: Tan, well sorted, thin 
laminated, and outcrops are highly 
fractured.
Covered section
'O ' 
: A
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
Appendix A
Measured Stratigraphie Section 2 continued
Thickness
(meters) MS-2-p4 Description
100
54
5 1 - e
Sandstone: Tan-olive, well sorted, 
compositionally homogeneous, thick 
bedded, and load casts occur at the 
base.
-j
t é * ,y • » +  t* f * < »
Sandstone: Tan-olive, well sorted, 
compositionally homogeneous, 
indurated, thin to thick bedded, tabular 
bedding, locally exhibit convolute 
bedding, and load casts occur at the 
base of beds. Intercalated siltstones 
are tan-olive, very thin laminated, 
locally exhibits parallel lamination, 
and load casts occm at the base of 
laminae.
Sandstone and Siitstone: Sandstones 
are tan-olive, medium to thin bedded, 
and abundant load casts occur at the 
base of beds. Siltstones are tan-olive, 
thin laminated, and locally exhibit 
convolute lamination.
Siitstone: Tan-olive, thin laminated, 
and outcrops were poorly exposed. 
Load casts are sparse in this interval.
Description on preceding page
i  a ;
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Measured Stratigraphie Section 3, Location: NE 1/4, Sec. 19, T42N, R8W
Thickness
(meters) M S - 3 - p i Description
12 -
*Mwapp
U'13IC/] k  01
Sandstone: Tan-olive, compositionally 
homogeneous, well sorted, thin 
bedded, tabular bedding, and locally 
exhibit m inor trough cross-bedding. 
Some outcrops are poorly exposed.
Covered section
Sandstone Olistoliths and Siitstone: 
Fine sandstone olistoliths are tan-olive, 
subrounded, exhibit relict bedding, and 
are surrounded by siitstone. Siltstones 
are tan-olive, locally exhibit 
millimeter-scale soft sediment folds, 
and thin lam inated or develops a scaly 
cleavage.
A
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Appendix A
Measured Stratigraphie Section 3 continued
112
Thickness
(meters) MS-3-p2 Description
24 1LI f i y 'i >1 ^  M .‘iif ÿ . 11,.  (I I M
Sandstone: Tan-olive, well sorted, thin 
to medium bedded, tabular bedding, 
and structureless.
Covered section
Sandstone: Tan-olive, well sorted, 
medium bedded, tabular bedding, and 
structureless.
21
18
Covered section
T y  #*V »-
15—
. . . .  . . . .  . . .
(J i-a  c/al
; ^ i  :
U iU
93 Smc-26 : Sandstone: Tan-olive, well sorted,
thick to thin bedded, tabular bedding, 
and structureless.
lA:
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Appendix A
Measured Stratigraphie Section 3 continued
1 13
Thickness
(meters) MS-3-p3 Description
3 9 - :
3 6 -
33
30
' k'" i  \  *
----------- ---------- 1*
Covered section
93 Smc-27
Sandstone: Tan-olive, compositionally 
homogeneous, indurated, well sorted, 
tabular to irregular bedding, medium 
bedded, and locally exhibits 
asymmetrical ripples and minor trough 
cross-bedding. Some outcrops are 
poorly exposed.
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Measured Stratigraphie Section 3 continued
Thickness
(meters) MS-3-p4
1 14
Description
54
51
t ) \  \  '  t y  V y * . '  i s * '  < /"
93 Smc-28
Sandstone: Tan-olive, thick laminated 
to medium bedded, tabular bedding, 
and locally exhibits centimeter-scale 
asymmetrical ripples and parallel 
lamination.
Covered section
Sandstone; Tan-olive, compositionally 
homogeneous, well sorted, thick 
laminated to medium bedded, and 
tabular bedding
Covered section
S !V U !  si si
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Appendix A
Measured Stratigraphie Section 4, Location: N W l/4 , Sec. 7, T41N, R8W
I 16
Thickness
(meters) MS-4-pl
" 0,00
Description
Sandstone: Tan, well sorted, 
indurated, very thick to thin 
bedded, and structureless. 
Load casts occur at the base 
of sandstone beds.
Siltstone and Sandstone: 
SUtstones are tan-olive, thin 
laminated at the base, 
gradually becoming thick 
laminatad at the top, and 
exhibits asymmetrical 
ripples. SUtstones are 
intercalated with fine 
sandstones that are 
tan-olive, weU sorted, weU 
indurated, thick to thin 
bedded, and structureless.
Sandstone: Tan-olive, weU 
sorted, minor trough 
cross-bedding, medium to 
thick bedded, and tabular. 
Sandstones are intercalated 
with a very fine sUtstone 
interval that is tan-olive, and 
parallel laminated.
SUtstone: Tan-olive, thin to 
thick lam inated , and locaUy 
exhibits centimeter-scale 
asymmetrical ripples.
Sandstone: Tan-olive, weU 
sorted, indurated, 
structureless, and thick bedded 
at the base, graduaUy 
becoming medium Ixdded at 
the top.
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Measured Stratigraphie Section 4 continued
Thickness
(meters) MS-4-p2 Description
1 17
27-
Sandstone: Tan-olive, well sorted, 
indurated, thin to thick bedded, tabular 
bedding, and structureless.
Siltstone: Tan-olive, thick to thin 
laminated, locally exhibits 
asymmetrical ripples. SUtstones are 
intercalated with fine sandstones that 
_  are tan-olive, tabular, indurated,
\  medium to thick bedded, and
structureless.
Sandstone: Tan-oUve, weU indurated, 
medium bedded, tabular, and structureless.
U'-aicnlfel b
A
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Measured Stratigraphie Section 4 continued
l i s
Thickness
(meters) MS-4-p3 Description
39 —
36-4
33 —
Sandstone: Tan-olive, indurated, well 
sorted, medium to thick bedded, tabular 
bedding, and structureless.
Covered secdon
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Appendix A
Measured Stratigraphie Section 5, Location: SW l/4 , Sec. 32, T42N, R8W
1 20
Thickness
(meters) MS-5-pl Description
.■* •* ,*•} Î + '  »• J
> » t K *
'  r '  '  / •  * ,» 4'  »
\ \  *;c V \.i
4'  > 4 ( X:
Sandstone: Tan-olive, well sorted, 
thick to very thick bedded, tabular 
bedding, and structureless. SUtstones 
are tan-olive, very thin laminated and 
some areas are poorly exposed.
Sandstone: Tan-olive, 
compositionally homogeneous, well 
sorted, indurated, thick to very thick 
bedded, tabular bedding, and 
structureless. SUtstones are 
tan-olive, and very thinly laminated. 
Some o f  the sandstone and sUtstone 
outcrops are poorly exposed.
u |U  d| d, 
S' ElI ^  ,
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Appendix A
Measured Stratigraphie Section 5 continued
Thickness
(meters) MS-5-p2
1 2 1
Description
24-
it,, ,ir,ii 1
►
21-
Siltstone: Tan-oUve, medium to thin 
laminated, and outcrops are poorly 
exposed.
Sandstone: Tan-olive, well sorted, 
indurated, medium bedded, irregular 
bedding, and load casts occur at the 
base o f sandstone beds.
Siltstone: Tan-olive, medium to thin 
laminated, and outcrops are poorly 
exposed.
Covered section
1 8 -
Sandstone: Tan-olive, well sorted, very 
thick bedded, and structureless. 
Outcrops are commonly fiactured.
Covered section
15 Sandstone: Tan-olive, well sorted, 
indurated, tabular to irregular bedding, 
thick to very thick bedded, and 
structureless.
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Measured Stratigraphie Section 5 continued
Thickness
(meters) MS-5-p3 Description
122
I »  «, 4 '  fc » ,  •  A  X
Siltstone: Tan-olive, parallel 
laminated, minor ripples, and thick 
laminated. SUtstones are intercalated 
with a thin bedded sandstone interval 
that is tan, weU sorted, tabular, and 
structureless.
Sandstone: Tan-olive, well sorted, 
very thick bedded, tabular bedding, 
and structureless.
SUtstone and Sandstone OlistoUth: 
SUtstones are tan-olive, thin laminated, 
and soft-sediment deformation occurs 
at the base of the olistolith. The fine 
sandstone olistolith is completely 
encased in sUtstone.
SUtstone: Tan-olive and outcrops are 
poorly exposed.__________
Sandstone: Tan-oUve, weU sorted, 
thick to thin bedded, and load casts 
occur at the base of beds. Sandstones 
are intercalated with a thin-laminated 
sUtstone interval that contains 
asymmetrical ripples.
SUtstone: Tan-oUve and outcrops are 
poorlv exposed.___________________
Granule Conglomerate: Dark yellowish 
brown, very thick bedded, normal 
graded and a flute cast occurs at the 
base. Black or gray chert granules are 
subrounded to subangular.
SUtstone: Tan-oUve, thin laminated, 
and centimeter-scale load casts occur 
at the base of sUtstone laminae. 
Sandstone: Tan-oUve, normal-gaded, 
medium bedded, and load casts occur at 
the base of the bed.________________
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Measured Stratigraphie Section 5 continued
Thickness
(meters) MS-5-p4
123
Description
SUtstone: Tan-oUve, thin laminated, 
some intervals contain asymmetrical 
ripples, and a weaky developed 
cleavage is developed at the top. 
SUtstones are intercalated with fine 
sandstones that are tan, weU sorted, 
tabular, thin to medium bedded, and 
sole marks (load and flute casts) occur 
at the base of sandstone beds.
Sandstone: Tan-oUve, weU indurated, 
thick bedded, normaUy graded, and 
subrounded black chert granules occur 
at the base.
U  •g'W'CiH cih| 5 : u : u;|!
A
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Measured Stratigraphie Section 5 continued
Thickness
(meters) M S - 5 - p 5
124
Description
66 -
6 3 -
Sandstone: Tan-olive, well sorted, 
thick laminated to thin bedded, parallel 
laminated, and sparse asymmetrical 
ripples.
U i ’ a i o o l t o i  W ' g l U U l
3  > i  ; > !
SUtstone; Tan-oUve, thin laminated, 
paraUel laminated, and sparse 
asymmetrical ripples
Sandstones: Tan-oUve, weU sorted, 
very thick bedded, sparse paraUel 
lam ination and asymmetrical ripples. 
The intercalated sUtstone interval is 
tan, thin lam inated, and contains 
sparse asymmetrical ripples.
SUtstone: Tan-oUve, very thin 
laminated, sparse asymmetrical ripples, 
and poorly exposed. SUtstones are 
intercalated with fine sandstones that 
are weU sorted, medium to thick 
bedded, and sole marks occur at the 
base of sandstone beds.
A!
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A p p e n d i x  B: P é t r o g r a p h ie  D a ta
Unit: SMC Date: 1/8/95
Sample: 93SMC-1A Analyst: G M G
Total pts.: 500 Framework pts.= 477 Lithic count pts.=
Counts Percent Counts Percent
Qm 167 35.01 carb intra 0 0.00
K-feldspar 14 2.94 sill intra 0 0.00
plagioclase 12 2.52 matrix 2 0.42
mica 13 2.73 cement 8 1.68
heavy min 0 0.00 indeterminate 0.00
matrix (Dickinson) 10 2.10
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 87 30.63
2) 3 1.06
3) 26 9.15
4) 70 24.65
5) 10 3.52
6) 47 16.55
7) 1 0.35
8) 1 0.35
9) 1 0.35
10) 28 9.86
11) 0.00
12) 0.00
13) 0.00
14) 2 0.70
15) 0.00
16) 8 2.82
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 116 40.85 40.85
Lv= 13 4.58 4.58
Lm= 28 9.86 9.86
Ls= 127 44.72 44.72
Lc= 0.00
Totals 284 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 59.33 %Qm 35.01 %Qp 45.31 %Lm 16.67
%F 5.45 %F 5.45 %Lv 5.08 %Lv 7.74
%L 35.22 %Lt 59.54 %Ls 49.61 %Ls 75.60
Totals 100.00 100.00 100.00 100.00
P/F= 0.46 Qp/Q= 0.41 Ls/L= 0.45 Lm/L= 0.10
2 8 4
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A p p e n d ix  B c o n t in u é e 126
Unit: SMC Date: 1/8/95
Sample: 93SM C-2a Analyst: G M G
Total pts. 515 Framework pts.= 439 Lithic count pts.=
Counts Percent Counts Percent
Qm 286 65.15 carb intra 0 0.00
K-feldspar 8 1.82 sill intra 0 0.00
plagioclase 21 4.78 matrix 17 3.87
mica 15 3.42 calcite (replace.) 30 6.83
heavy min 12 2.73 indeterminate 2 0.46
matrix (Dickinson) 47 10.71
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 15 12.10
2) 3 2.42
3) 18 14.52
4) 3 2.42
5) 6 4.84
6) 55 44.35
7) 0.00
8) 0.00
9) 0.00
10) 22 17.74
11) 0.00
12) 1 0.81
13) 1 0.81
14) 0.00
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 37 29.84 29.84
Lv= 1 0.81 0.81
Lm= 22 17.74 17.74
Ls= 64 51.61 51.61
Lc= 0.00
Totals 124 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 73.58 %Qm 65.15 % Qp 36.27 %Lm 25.29
% F 6.61 %F 6.61 %Lv 0.98 %Lv 1.15
%L 19.82 %Lt 28.25 %Ls 62.75 %Ls 73.56
Totals 100.00 100.00 100.00 100.00
P/F= 0.72 Qp/Q= 0.11 Ls/L= 0.52 Lm/L= 0.18
124
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Appendix B continuée
Unit: SMC Date: 1/8/95
Sample: 93SM C-3 Analyst: G M G
127
Total pts. 523 Framework pts.= 497 Littiic count pts.= 401
Counts Percent Counts Percent
Qm 79 15.90 carb intra 0 0.00
K-feldspar 10 2.01 sili intra 0 0.00
plagioclase 7 1.41 matrix 13 2.62
mica 6 1.21 qtz. veins 4 0.80
heavy min 3 0.60 indeterminate 0.00
matrix (Dickinson) 17 3.42
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 160 39.90
2) 6 1.50
3) 11 2.74
4) 44 10.97
5) 16 3.99
6) 128 31.92
7) 0.00
8) 0.00
9) 0.00
10) 25 . 6 .23
11) 0.00
12) 0.00
13) 0.00
14) 11 2.74
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 177 44.14 44.14
Lv= 11 2.74 2.74
Lm= 25 6.23 6.23
Ls= 188 46.88 46.88
Lc= 0.00
Totals 401 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
% Q 51.51 % Qm  15.90 % Qp 47.07 %Lm 11.16
% F 3.42 % F 3.42 %Lv 2.93 %Lv 4.91
%L 45.07 %Lt 80.68 %Ls 50.00 %Ls 83.93
Totals 100.00 100.00 100.00 100.00
P/F= 0.41 Qp/Q= 0.69 Ls/L= 0.47 Lm/L= 0.06
R e p ro d u c e d  witti perm iss ion  of tt ie copyrigfit ow ner.  Furtfier reproduction  profiibited witfiout perm iss ion .
A p p e n d ix  B c o n t in u e d
Unit: SMC Date: 1/8/95
Sample: 93SM C-4 Analyst: G M G
Total pts. 525 Framework pts.= 477 Lithic count pts.=
Counts Percent Counts Percent
Qm 61 12.79 carb intra 0 0.00
K-feldspar 1 0.21 sili intra 0 0.00
plagioclase 4 0.84 matrix 16 3.35
mica 8 1.68 qtz. veins 10 2.10
heavy min 13 2.73 indeterminate 1 0.21
matrix (Dickinson) 26 5.45
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 209 50.85
2) 6 1.46
3) 8 1.95
4) 49 11.92
5) 19 4.62
6) 101 24.57
7) 0.00
8) 0.00
9) 0.00
10) 18 4.38
11) 0.00
12) 1 0.24
13) 0.00
14) 0.00
15) 0.00
16) 0.00
17) 0.00
128
411
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 224 54.50 54.50
Lv= 0 0.00 0.00
Lm= 18 4.38 4.38
Ls= 169 41.12 41.12
Lc= 0.00
Totals 411 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
% Q 59.75 % Qm  12.79 %Qp 57.00 %Lm 9.63
% F 1.05 % F 1.05 %Lv 0.00 %Lv 0.00
%L 39.20 %Lt 86.16 %Ls 43.00 %Ls 90.37
Totals 100.00 100.00 100.00 100.00
P/F= 0.80 Q p/Q = 0.79 Ls/L= 0.41 Lm/L= 0.04
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A p p e n d ix  B c o n t in u e d 1 29
Unit; SM C Date: 1/8/95
Sample: 93SMC-11 Analyst: GM G
Total pts. 517 Framework pts.= 424 Lithic count pts.=
Counts Percent Counts Percent
Qm 234 55.19 carb intra 0 0.00
K-feldspar 17 4.01 sili intra 0 0.00
plagioclase 24 5.66 matrix 30 7.08
mica 26 6.13 calcite (replace.) 30 7.08
heavy min 7 1.65 indeterminate 0.00
matrix (Dickinson) 60 14.15
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 2 1.34
2) 15 10.07
3) 21 14.09
4) 2 • 1.34
5) 0.00
6) 0.00
7) 2 1.34
8) 0.00
9) 0.00
10) 105 70.47
11) 0.00
12) 0.00
13) 0.00
14) 2 1.34
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 38 25.50 25.50
Lv= 4 2.68 2.68
Lm= 105 70.47 70.47
Ls= 2 1.34 1.34
Lc= 0.00
Totals 149 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 64.15 %Qm 55.19 % Qp 86.36 %Lm 94.59
% F 9.67 %F 9.67 %Lv 9.09 %Lv 3.60
%L 26.18 %Lt 35.14 %Ls 4.55 %Ls 1.80
Totals 100.00 100.00 100.00 100.00
P/F= 0.59 Qp/Q= 0.14 Ls/L= 0.01 Lm/L= 0.70
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A p p e n d ix  B c o n t i n u e d
Unit: SMC Date: 1/8/95
Sample: 93SM C-12 Analyst: G M G
Total pts.= 509 Framework pts.= 434 Lithic count pts.=
Counts Percent Counts Percent
Qm 220 50.69 carb intra 8 1.84
K-feldspar 10 2.30 sili intra 0 0.00
plagioclase 35 8.06 matrix 17 3.92
mica 31 7.14 calcite (replace.) 15 3.46
heavy min 4 0.92 indeterminate 0 0.00
matrix (Dickinson) 32 7.37
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 1 0.59
2) 16 9.47
3) 26 15.38
4) 1 0.59
5) 5 2.96
6) 0.00
7) 0.00
8) 0.00
9) 0.00
10) 119 70.41
11) 0.00
12) 0.00
13) 0.00
14) 1 0.59
15) 0.00
16) 0.00
17) 0.00
130
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Qp=
Lv=
Lm=
Ls=
Lc=
Counts
43
1
119
6
%Lt w/oLc 
25.44  
0.59  
70.41 
3.55
Counts %Lt w/Lc 
25.44  
0.59  
70.41 
3.55  
0.00
Totals 169 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 60.60 % Qm 50.69 %Qp 86.00 %Lm 94.44
%F 10.37 %F 10.37 %Lv 2.00 %Lv 0.79
%L 29.03 %Lt 38.94 %Ls 12.00 %Ls 4.76
Totals 100.00 100.00 100.00 100.00
P/F= 0.78 Qp/Q= 0.16 Ls/L= 0.04 Lm/L= 0.70
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A p p e n d i x  B c o n t in u e d
Unit; SM C Date: 1/8/95
Sample; 93SM C-13 Analyst: GM G
131
Total pts.= 508 Framework pts.= 477 Lithic count pts.= 397
Counts Percent Counts Percent
Qm 78 16.35 carb intra 0 0.00
K-feldspar 1 0.21 sili intra 0 0.00
plagioclase 1 0.21 matrix 9 1.89
mica 2 0.42 qtz. veins 18 3.77
heavy min 2 0.42 indeterminate 0 0.00
matrix (Dickinson) 27 5.66
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 155 39.04
2) 7 1.76
3) 11 2.77
4) 51 12.85
5) 24 6.05
6) 125 31.49
7) 1 0.25
8) 0.00
9) 0.00
10) 14 3.53
11) 0.00
12) 3 0.76
13) 2 0.50
14) 4 1.01
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 176 44.33 44.33
Lv= 7 1.76 1.76
Lm= 14 3.53 3.53
Ls= 200 50.38 50.38
Lc= 0.00
Totals 397 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 53.25 %Qm 16.35 % Qp 45.95 %Lm 6.33
%F 0.42 %F 0.42 %Lv 1.83 %Lv 3.17
%L 46.33 %Lt 83.23 %Ls 52.22 %Ls 90.50
Totals 100.00 100.00 100.00 100.00
P/F= 0.50 Qp/Q= 0.69 Ls/L= 0.50 Lm/L= 0.04
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A p p e n d ix  B c o n t in u é e 132
Unit; SMC Date: 1/8/95
Sample: 93SM C-15 Analyst: GM G
Total pts.= 525 Framework pts.= 476 Lithic count pts.=
Counts Percent Counts Percent
Qm 80 16.81 carb intra 0 0.00
K-feldspar 5 1.05 sili intra 0 0.00
plagioclase 7 1.47 matrix 23 4.83
mica 8 1.68 qtz. veins 15 3.15
heavy min 3 0.63 indeterminate 0 0.00
matrix (Dickinson) 38 7.98
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 160 41.67
2) 3 0.78
3) 9 2.34
4) 43 11.20
5) 21 • 5.47
6) 120 31.25
7) 0.00
8) 0.00
9) 0.00
10) 27 7.03
11) 0.00
12) 0.00
13) 0.00
14) 1 0.26
15) 0.00
16) 0.00
17) 0.00
Qp=
Lv=
Lm=
Ls=
Lc=
Counts
172
1
27
184
%Lt w/oLc 
44.79  
0.26  
7.03 
47.92
Counts %Lt w/Lc 
44.79  
0.26  
7.03 
47.92  
0.00
Totals 384 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 52.94 %Qm 16,81 %Qp 48.18 %Lm 12.74
%F 2.52 %F 2.52 %Lv 0.28 %Lv 0.47
%L 44.54 %Lt 80.67 %Ls 51.54 %Ls 86.79
Totals 100.00 100.00 100.00 100.00
P/F= 0.58 Qp/Q= 0.68 Ls/L= 0.48 Lm/L= 0.07
384
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A p p e n d ix  B c o n t in u e d 133
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 227 56.89 56.89
Lv= 27 6.77 6.77
Lm= 1 0.25 0.25
Ls= 144 36.09 36.09
Lc= 0.00
Totals 399 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 62.68 % Qm  15.09 %Qp 57.04 %Lm 0.58
% F 1.26 % F 1.26 %Lv 6.78 %Lv 15.70
%L 36.06 %Lt 83.65 %Ls 36.18 %Ls 83.72
Totals 100.00 100.00 100.00 100.00
P/F= 0.33 Qp/Q = 0.76 Ls/L= 0.36 Lm/L= 0.00
Unit; SMC Date: 1/8/95
Sample: 93SM C-16 Analyst: G M G
Total pts.: 500 Framework pts.= 477 Lithic count pts.=
Counts Percent Counts Percent
Qm 72 15.09 carb intra 3 0.63
K-feldspar 4 0.84 sili intra 0 0.00
plagioclase 2 0.42 matrix 0.00
mica 2 0.42 cement 11 2.31
heavy min 3 0.63 indeterminate 4 0.84
matrix (Dickinson) 11 2.31
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 110 27.57
2) 5 1.25
3) 110 27.57
4) 46 11.53
5) 19 4.76
6) 79 19.80
7) 0.00
8) 0.00
9) 11 2.76
10) 1 0.25
11) 0.00
12) 2 . 0.50
13) 0.00
14) 9 2.26
15) 0.00
16) 7 1.75
17) 0.00
399
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A p p e n d ix  B c o n t in u e d 134
Unit: SMC Date: 1/8/95
Sample: 93SM C-17 Analyst: G M G
Total pts.: 518 Framework pts.= 489 Lithic count pts.=
Counts Percent Counts Percent
Qm 111 22.70 carb intra 0 0.00
K-feldspar 3 0.61 sili intra 0 0.00
plagioclase 1 0.20 matrix 16 3.27
mica 6 1.23 qtz. veins 4 0.82
heavy min 3 0.61 indeterminate 0 0.00
matrix (Dickinson) 20 4.09
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 135 36.10
2) 10 2.67
3) 9 2.41
4) 63 16.84
5) 24 6.42
6) 105 28.07
7) 0.00
8) 0.00
9) 0.00
10) 16 4.28
11) 0.00
12) 1 0.27
13) 3 0.80
14) 7 1.87
15) 0.00
16) 1 0.27
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 155 41.44 41.44
Lv= 11 2.94 2.94
Lm= 16 4.28 4.28
Ls= 192 51.34 51.34
Lc= 0.00
Totals 374 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 54.40 % Qm  22.70 %Qp 43.30 %Lm 7.31
%F 0.82 % F 0.82 %Lv 3.07 %Lv 5.02
%L 44.79 %Lt 76.48 %Ls 53.63 %Ls 87.67
Totals 100.00 100.00 100.00 100.00
P/F= 0.25 Qp/Q = 0.58 Ls/L= 0.51 Lm/L= 0.04
374
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A p p e n d ix  B c o n t in u e d 135
Unit: SM C Date: 1/8/95
Sample: 93SM C-25 Analyst: G M G
Total pts.: 500 Framework pts.= 454 Lithic count pts.=
Counts Percent Counts Percent
Qm 221 48.68 carb intra 8 1.76
K-feldspar 10 2.20 sili intra 0 0.00
plagioclase 7 1.54 matrix 6 1.32
mica 11 2.42 cement 12 2.64
heavy min 6 1.32 indeterminate 3 0.66
matrix (Dickinson) 18 3.96
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 73 33.80
2) 6 2.78
3) 22 10.19
4) 30 13.89
5) 15 6.94
6) 50 23.15
7) 0.00
8) 0.00
9) 0.00
10) 18 8.33
11) 0.00
12) 2 0.93
13) 0.00
14) 0.00
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 103 47.69 47.69
Lv= 0 0.00 0.00
Lm= 18 8.33 8.33
Ls= 95 43.98 43.98
Lc= 0.00
Totals 216 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
% Q 71.37 % Qm  48.68 %Qp 52.02 %Lm 15.93
% F 3.74 % F 3.74 %Lv 0.00 %Lv 0.00
%L 24.89 %Lt 47.58 %Ls 47.98 %Ls 84.07
Totals 100.00 100.00 100.00 100.00
P/F= 0.41 Qp/Q = 0.32 Ls/L= 0.44 Lm/L= 0.08
216
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A p p e n d i x  B c o n t in u é e 136
Unit: SMC Date: 1/8/95
Sample: 93SM C -29 Analyst: G M G
Total pts.: 518 Framework pts.= 476 Lithic count pts.=
Counts Percent Counts Percent
Qm 110 23.11 carb intra 0 0.00
K-feldspar 1 0.21 sili intra 0 0.00
plagioclase 0 0.00 matrix 15 3.15
mica 3 0.63 qtz. veins 20 4.20
heavy min 2 0.42 indeterminate 2 0.42
matrix (Dickinson) 35 7.35
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 137 37.53
2) 6 1.64
3) 18 4.93
4) 60 16.44
5) 32 8.77
6) 105 28.77
7) 0.00
8) 0.00
9) 0.00
10) 4 1.10
11) 0.00
12) 2 0.55
13) 0.00
14) 1 0.27
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 163 44.66 44.66
Lv= 1 0.27 0.27
Lm= 4 1.10 1.10
Ls= 197 53.97 53.97
Lc= 0.00
Totals 365 100.00 0 100.00
Q FL QmFLt QpLvLs LmLvLs
% Q 57.35 % Qm 23.11 % Q p 45.15 %Lm 1.98
% F 0.21 % F 0.21 %Lv 0.28 %Lv 0.50
%L 42.44 %Lt 76.68 %Ls 54.57 %Ls 97.52
Totals 100.00 100.00 100.00 100.00
P /F= 0.00 Qp/Q = 0.60 Ls/L= 0.54 Lm/L= 0.01
365
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
A p p e n d ix  B c o n t in u e d 137
Unit: SM C Date: 1/8/95
Sample: 93SM C-30 Analyst: C M C
Total pts.: 530 Framework pts.= 480 Lithic count pts.=
Counts Percent Counts Percent
Qm 76 15.83 carb intra 0 0.00
K-feldspar 8 1.67 sill intra 0 0.00
plagioclase 2 0.42 matrix 15 3.13
mica 8 1.67 qtz. veins 20 4.17
heavy min 7 1.46 indeterminate 0 0.00
matrix (Dickinson) 35 7.29
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 198 50.25
2) 6 1.52
3) 10 2.54
4) 43 10.91
5) 17 4.31
6) 96 24.37
7) 0.00
8) 0.00
9) 0.00
10) 22 5.58
11) 0.00
12) 2 0.51
13) 0.00
14) 0.00
15) 0.00
16) 0.00
17) 0.00
394
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 216 54.82 54.82
Lv= 0 0.00 0.00
Lm= 22 5.58 5.58
Ls= 156 39.59 39.59
Lc= 0.00
Totals 394 100.00 0 100.00
Q FL QmFLt QpLvLs LmLvLs
%Q 60.83 %Qm 15.83 % Qp 58.06 %Lm 12.36
% F 2.08 %F 2.08 %Lv 0.00 %Lv 0.00
%L 37.08 %Lt 82.08 %Ls 41.94 %Ls 87.64
Totals 100.00 100.00 100.00 100.00
P/F= 0.20 Qp/Q = 0.74 Ls/L= 0.40 Lm/L= 0.06
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A p p e n d ix  B c o n t in u e d 138
Unit: SM C Date: 1/8/95
Sample: 93SMC-31 Analyst: GM G
Total pts.: 529 Framework pts.= 490 Lithic count pts.=
Counts Percent Counts Percent
Qm 98 20.00 carb intra 0 0.00
K-feldspar 5 1.02 sili intra 0 0.00
plagioclase 5 1.02 matrix 17 3.47
mica 8 1.63 qtz. veins 9 1.84
heavy min 5 1.02 indeterminate 0 0.00
matrix (Dickinson) 26 5.31
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 183 47.91
2) 10 2.62
3) 21 5.50
4) 25 6.54
5) 16 4.19
6) 92 . 24.08
7) 0.00
8) 0.00
9) 0.00
10) 35 9.16
11) 0.00
12) 0.00
13) 0.00
14) 0.00
15) 0.00
16) 0.00
17) 0.00
382
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 214 56.02 56.02
Lv= 0 0.00 0.00
Lm= 35 9.16 9.16
Ls= 133 34.82 34.82
Lc= 0.00
Totals 382 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 63.67 % Qm  20.00 %Qp 61.67 %Lm 20.83
%F 2.04 % F 2.04 %Lv 0.00 %Lv 0.00
%L 34.29 %Lt 77.96 %Ls 38.33 %Ls 79.17
Totals 100.00 100.00 100.00 100.00
P/F= 0.50 Q p/Q = 0.69 Ls/L= 0.35 Lm/L= 0.09
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Unit: SMC Date: 1/8/95
Sample: 93SMC-33 Analyst: GMG
Total pts. 500 Framework pts.= 457 Lithic count pts.=
Counts Percent Counts Percent
Qm 170 37.20 carb Intra 10 2.19
K-feldspar 15 3.28 sili intra 0 0.00
plagioclase 13 2.84 matrix 11 2.41
mica 7 1.53 cement 7 1.53
heavy min 5 1.09 indeterminate 3 0.66
matrix (Dickinson) 18 3.94
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 60 23.17
2) 11 4.25
3) 21 8.11
4) 61 23.55
5) 26 10.04
6) 25 9.65
7) 9 3.47
8) 0.00
9) 0.00
10) 17 6.56
11) 0.00
12) 0.00
13) 10 3.86
14) 11 4.25
15) 0 0.00
16) 8 3.09
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 92 35.52 35.52
Lv= 38 14.67 14.67
Lm= 17 6.56 6.56
Ls= 112 43.24 43.24
Lc= 0.00
Totals 259 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 57.33 %Qm 37.20 %Qp 38.02 %Lm 10.18
%F 6.13 %F 6.13 %Lv 15.70 %Lv 22.75
%L 36.54 %Lt 56.67 %Ls 46.28 %Ls 67.07
Totals 100.00 100.00 100.00 100.00
P/F= 0.46 Qp/Q= 0.35 Ls/L= 0.43 Lm/L= 0.07
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A p p e n d ix  B c o n t in u e d 140
Unit: SMC Date: 1/8/95
Sample: 93SMC-33B Analyst: GMG
Total pts.= 500 Framework pts.= 461 Lithic count pts.=
Counts Percent Counts Percent
Qm 190 41.21 carb intra 0 0.00
K-feldspar 15 3.25 sili intra 0 0.00
plagioclase 15 3.25 matrix 16 3.47
mica 9 1.95 cement 8 1.74
heavy min 4 0.87 indeterminate 2 0.43
matrix (Dickinson) 24 5.21
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 46 19.09
2) 28 11.62
3) 50 20.75
4) 36 14.94
5) 20 8.30
6) 9 3.73
7) 12 4.98
8) 0.00
9) 0.00
10) 22 9.13
11) 0.00
12) 3 1.24
13) 4 1.66
14) 5 2.07
15) 0.00
16) 4 1.66
17) 2 0.83
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 127 52.70 52.70
Lv= 27 11.20 11.20
Lm= 22 9.13 9.13
Ls= 65 26.97 26.97
Lc= 0.00
Totals 241 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 68.76 %Qm 41.21 %Qp 57.99 %Lm 19.30
%F 6.51 %F 6.51 %Lv 12.33 %Lv 23.68
%L 24.73 %Lt 52.28 %Ls 29.68 %Ls 57.02
Totals 100.00 100.00 100.00 100.00
P/F= 0.50 Qp/Q= 0.40 Ls/L= 0.27 Lm/L= 0.09
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Unit; SMC Date: 1/8/95
Sample: 93SMC-34 Analyst: GMG
Total pts. = 500 Framework pts.= 455 Lithic count pts.=
Counts Percent Counts Percent
Qm 193 42.42 carb intra 7 1.54
K-feldspar 21 4.62 sili intra 0 0.00
plagioclase 18 3.96 matrix 9 1.98
mica 13 2.86 cement 6 1.32
heavy min 10 2.20 indeterminate 0 0.00
matrix (Dickinson) 15 3.30
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 65 29.15
2) 8 3.59
3) 29 13.00
4) 21 9.42
5) 11 4.93
6) 41 18.39
7) 0.00
8) 0.00
9) 3 1.35
10) 34 15.25
11) 0.00
12) 2 0.90
13) 0.00
14) 2 0.90
15) 0.00
16) 7 3.14
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 104 46.64 46.64
Lv= 12 5.38 5.38
Lm= 34 15.25 15.25
Ls= 73 32.74 32.74
Lc= 0.00
Totals 223 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 65.27 %Qm 42.42 %Qp 55.03 %Lm 28.57
%F 8.57 %F 8.57 %Lv 6.35 %Lv 10.08
%L 26.15 %Lt 49.01 %Ls 38.62 %Ls 61.34
Totals 100.00 100.00 100.00 100.00
P/F= 0.46 Qp/Q= 0.35 Ls/L= 0.33 Lm/L= 0.15
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Appendix B continued
Unit: SMC Date: 1/8/95
Sample; OSMC-20 Analyst: GMG
Total pts.: 511 Framework pts.= 428 Lithic count pts.=
Counts Percent Counts Percent
Qm 191 44.63 carb intra 8 1.87
K-feldspar 20 4.67 sili intra 0 0.00
plagioclase 29 6.78 matrix 53 12.38
mica 11 2.57 cement 0 0.00
heavy min 6 1.40 indeterminate 5 1.17
matrix (Dickinson) 53 12.38
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 41 21.81
2) 17 9.04
3) 20 10.64
4) 42 22.34
5) 27 14.36
6) 9 4.79
7) 7 3.72
8) 0.00
9) 0.00
10) 22 11.70
11) 0.00
12) 1 0.53
13) 0.00
14) 2 1.06
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 79 42.02 42.02
Lv= 9 4.79 4.79
Lm= 22 11.70 11.70
Ls= 78 41.49 41.49
Lc= 0.00
Totals 188 100.00 O' 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 63.08 %Qm 44.63 %Qp 47.59 %Lm 20.18
%F 11.45 %F 11.45 %Lv 5.42 %Lv 8.26
%L 25.47 %Lt 43.93 %Ls 46.99 %Ls 71.56
Totals 100.00 100.00 100.00 100.00
P/F= 0.59 Qp/Q= 0.29 Ls/L= 0.41 Lm/L= 0.12
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Unit: SMC Date: 1/8/95
Sample: OSMC-23 Analyst: GMG
Total pts.= 516 Framework pts.= 456 Lithic count pts.=
Counts Percent Counts Percent
Qm 180 39.47 carb intra 0 0.00
K-feldspar 15 3.29 sili intra 0 0.00
plagioclase 40 8.77 matrix 21 4.61
mica 21 4.61 calcite (replace.) 11 2.41
heavy min 4 0.88 indeterminate 3 0.66
matrix (Dickinson) 32 7.02
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 35 15.84
2) 12 5.43
3) 21 9.50
4) 32 . 14.48
5) 19 8.60
6) 21 9.50
7) 10 4.52
8) 6 2.71
9) 0.00
10) 29 13.12
11) 0.00
12) 0.00
13) 16 7.24
14) 13 5.88
15) 0.00
16) 7 3.17
17) 0.00
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Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 68 30.77 30.77
Lv= 52 23.53 23.53
Lm= 29 13.12 13.12
Ls= 72 32.58 32.58
Lc= 0.00
Totals 221 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 54.39 %Qm 39.47 %Qp 35.42 %Lm 18.95
%F 12.06 %F 12.06 %Lv 27.08 %Lv 33.99
%L 33.55 %Lt 48.46 %Ls 37.50 %Ls 47.06
Totals 100.00 100.00 100.00 100.00
P/F= 0.73 Qp/Q= 0.27 Ls/L= 0.33 Lm/L= 0.13
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Unit: SMC Date: 1/8/95
Sample: 930SM C-26 Analyst: GMG
Total pts.: 519 Framework pts.= 474 Lithic count pts.=
Counts Percent Counts Percent
Qm 180 37.97 carb intra 0 0.00
K-feldspar 13 2.74 sili intra 0 0.00
plagioclase 46 9.70 matrix 23 4.85
mica 8 1.69 calcite (replace.) 10 2.11
heavy min 1 0.21 indeterminate 3 0.63
matrix (Dickinson) 33 6.96
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 21 8.94
2) 10 4.26
3) 23 9.79
4) 65 27.66
5) 15 6.38
6) 12 5.11
7) 7 2.98
8) 18 7.66
9) 0.00
10) 26 11.06
11) 0.00
12) 2 0.85
13) 15 6.38
14) 19 8.09
15) 0.00
16) 2 0.85
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 56 23.83 23.83
Lv= 61 25.96 25.96
Lm= 26 11.06 11.06
Ls= 92 39.15 39.15
Lc= 0.00
Totals 235 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 49.79 %Qm 37.97 %Qp 26.79 %Lm 14.53
%F 12.45 %F 12.45 %Lv 29.19 %Lv 34.08
%L 37.76 %Lt 49.58 %Ls 44.02 %Ls 51.40
Totals 100.00 100.00 100.00 100.00
P/F= 0.78 Qp/Q= 0.24 Ls/L= 0.39 Lm/L= 0.11
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Unit: SMC Date: 1/8/95
Sample: 930SM C-27 Analyst; GMG
Total pts.: 518 Framework pts.= 457 Lithic count pts.=
Counts Percent Counts Percent
Qm 212 46.39 carb intra 1 0.22
K-feldspar 6 1.31 sili intra 0 0.00
plagioclase 27 5.91 matrix 29 6.35
mica 21 4.60 calcite (replace.) 8 1.75
heavy min 1 0.22 indeterminate 1 • 0.22
matrix (Dickinson) 37 8.10
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 24 11.32
2) 15 7.08
3) 28 13.21
4) 44 20.75
5) 23 10.85
6) 20 9.43
7) 5 2.36
8) 7 3.30
9) 0.00
10) 24 11.32
11) 0.00
12) 0.00
13) 4 1.89
14) 16 7.55
15) 0.00
16) 2 0.94
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 67 31.60 31.60
Lv= 34 16.04 16.04
Lm= 24 11.32 11.32
Ls= 87 41.04 41.04
Lc= 0.00
Totals 212 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 61.05 %Qm 46.39 %Qp 35.64 %Lm 16.55
%F 7.22 %F 7.22 %Lv 18.09 %Lv 23.45
%L 31.73 %Lt 46.39 %Ls 46.28 %Ls 60.00
Totals 100.00 100.00 100.00 100.00
P/F= 0.82 Qp/Q= 0.24 Ls/L= 0.41 Lm/L= 0.11
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Unit: SMC Date: 1/8/95
Sample: OSMC-28 Analyst: GMG
Total pts - 520 Framework pts.= 449 Lithic count pts.=
Counts Percent Counts Percent
Qm 137 30.51 carb intra 0 0.00
K-feldspar 2 0.45 sili intra 0 0.00
plagioclase 13 2.90 matrix 43 9.58
mica 6 1.34 calcite (replace.) 13 2.90
heavy min 5 1.11 indeterminate 4 0.89
matrix (Dickinson) 56 12.47
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 30 10.10
2) 6 2.02
3) 31 10.44
4) 90 . 30.30
5) 48 16.16
6) 28 9.43
7) 0.00
8) 20 6.73
9) 0.00
10) 12 4.04
11) 0.00
12) 2 0.67
13) 11 3.70
14) 19 6.40
15) 0.00
16) 0.00
17) 0.00
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Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 69 23.23 23.23
Lv= 50 16.84 16.84
Lm= 12 4.04 4.04
Ls= 166 55.89 55.89
Lc= 0.00
Totals 297 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 45.88 %Qm 30.51 %Qp 24.21 %Lm 5.26
%F 3.34 %F 3.34 %Lv 17.54 %Lv 21.93
%L 50.78 %Lt 66.15 %Ls 58.25 %Ls 72.81
Totals 100.00 100.00 100.00 100.00
P/F= 0.87 Qp/Q= 0.33 Ls/L= 0.56 Lm/L= 0.04
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Appendix B continued
Unit: SMC Date: 1/8/95
Sample: OSMC-29 Analyst: GMG
Total pts.= 518 Framework pts.= 462 Lithic count pts.=
Counts Percent Counts Percent
Qm 188 40.69 carb Intra 0 0.00
K-feldspar 5 1.08 sili intra 0 0.00
plagioclase 10 2.16 matrix 21 4.55
mica 14 3.03 calcite (replace.) 20 4.33
heavy min 1 0.22 indeterminate 0 0.00
matrix (Dickinson) 41 8.87
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 32 12.36
2) 17 6.56
3) 42 16.22
4) 35 13.51
5) 21 8.11
6) 66 25.48
7) 0.00
8) 11 4.25
9) 0.00
10) 18 6.95
11) 0.00
12) 2 0.77
13) 1 0.39
14) 14 5.41
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 93 35.91 35.91
Lv= 26 10.04 10.04
Lm= 18 6.95 6.95
Ls= 122 47.10 47.10
Lc= 0.00
Totals 259 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 60.82 %Qm 40.69 %Qp 38.59 %Lm 10.84
%F 3.25 %F 3.25 %Lv 10.79 %Lv 15.66
%L 35.93 %Lt 56.06 %Ls 50.62 %Ls 73.49
Totals 100.00 100.00 100.00 100.00
P/F= 0.67 Qp/Q= 0.33 Ls/L= 0.47 Lm/L= 0.07
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Unit; SMC Date: 1/8/95
Sample: OSMC-30 Analyst: GMG
Total pts.= 522 Framework pts.= 439 Lithic count pts.=
Counts Percent Counts Percent
Qm 206 46.92 carb intra 0 0.00
K-feldspar 3 0.68 sili intra 0 0.00
plagioclase 17 3.87 matrix 37 8.43
mica 17 3.87 calcite (replace.) 22 5.01
heavy min 5 1.14 indeterminate 2 0.46
matrix (Dickinson) 59 • 13.44
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 30 14.08
2) 14 6.57
3) 27 12.68
4) 37 1 -3 7
5) 21 9.86
6) 30 14.08
7) 0.00
8) 15 7.04
9) 0.00
10) 23 10.80
11) 0.00
12) 0.00
13) 7 3.29
14) 9 4.23
15) 0.00
16) 0.00
17) 0.00
213
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 71 33.33 33.33
Lv= 31 14.55 14.55
Lm= 23 10.80 10.80
Ls= 88 41.31 41.31
Lc= 0.00
Totals 213 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 63.10 %Qm 46.92 %Qp 37.37 %Lm 16.20
%F 4.56 %F 4.56 %Lv 16.32 %Lv 21.83
%L 32.35 %Lt 48.52 %Ls 46.32 %Ls 61.97
Totals 100.00 100.00 100.00 100.00
P/F= 0.85 Qp/Q= 0.26 Ls/L= 0.41 Lm/L= 0.11
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Unit; SMC Date: 1/8/95
Sample: O SM C-32 Analyst: G M G
Total pts.= 514 Framework pts.= 454 Lithic count pts.=
Counts Percent Counts Percent
Qm 200 44.05 carb intra 1 0.22
K-feldspar 6 1.32 sili intra 0 0.00
plagioclase 23 5.07 matrix 20 4.41
mica 15 3.30 calcite (replace.) 16 3.52
heavy min 6 1.32 indeterminate 2 0.44
matrix (Dickinson) 36 7.93
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 15 6.67
2) 12 5.33
3) 37 16.44
4) 46 20.44
5) 23 ■ 10.22
6) 16 7.11
7) 11 4.89
8) 3 1.33
9) 0.00
10) 38 16.89
11) 0.00
12) 1 0.44
13) 7 3.11
14) 12 5.33
15) 0.00
16) 1 0.44
17) 3 1.33
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 65 28.89 28.89
Lv= 37 16.44 16.44
Lm= 38 16.89 16.89
Ls= 85 37.78 37.78
Lc= 0.00
Totals 225 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 58.37 %Qm 44.05 %Qp 34.76 %Lm 23.75
% F 6.39 %F 6.39 %Lv 19.79 %Lv 23.13
%L 35.24 %Lt 49.56 %Ls 45.45 %Ls 53.13
Totals 100.00 100.00 100.00 100.00
P/F= 0.79 Qp/Q= 0.25 Ls/L= 0.38 Lm/L= 0.17
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Appendix B continued
Unit: SMC Date: 1/8/95
Sample: O SM C-33 Analyst: GM G
Total pts.: 516 Framework pts.= 457 Lithic count pts.=
Counts Percent Counts Percent
Qm 193 42.23 carb intra 1 0.22
K-feldspar 4 0.88 sili intra 0 0.00
plagioclase 16 3.50 matrix 21 4.60
mica 9 1.97 calcite (replace.) 25 5,47
heavy min 1 0.22 indeterminate 2 0.44
matrix (Dickinson) 46 10.07
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 38 15.57
2) 6 2.46
3) 25 10.25
4) 48 19.67
5) 25 10.25
6) 57 23.36
7) 19 7.79
8) 5 2.05
9) 0.00
10) 7 2.87
11) 0.00
12) 0.00
13) 4 1.64
14) 9 3.69
15) 0.00
16) 0.00
17) 1 0.41
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 69 28.28 28.28
Lv= 38 15.57 15.57
Lm= 7 2.87 2.87
Ls= 130 53.28 53.28
Lc= 0.00
Totals 244 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
% Q 57.33 %Qm 42.23 %Qp 29.11 %Lm 4.00
%F 4.38 %F 4.38 %Lv 16.03 %Lv 21.71
%L 38.29 %Lt 53.39 %Ls 54.85 %Ls 74.29
Totals 100.00 100.00 100.00 100.00
P/F= 0.80 Qp/Q= 0.26 Ls/L= 0.53 Lm/L= 0.03
15U
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Unit: SM C Date: 1/8/95
Sample: O SM C-34 Analyst: GM G
Total pts. 515 Framework pts.= 468 Lithic count pts.=
Counts Percent Counts Percent
Qm 171 36.54 carb intra 3 0.64
K-feldspar 4 0.85 sili intra 0 0.00
plagioclase 32 6.84 matrix 14 2.99
mica 12 2.56 calcite (replace.) 14 2.99
heavy min 3 0.64 indeterminate 1 0.21
matrix (Dickinson) 28 5.98
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 26 9.96
2) 7 2.68
3) 23 8.81
4) 45 17.24
5) 26 9.96
6) 56 21.46
7) 13 4.98
8) 9 3.45
9) 0.00
10) 22 8.43
11) 0.00
12) 1 0.38
13) 21 8.05
14) 9 3.45
15) 0.00
16) 3 1.15
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 57 21.84 21.84
Lv= 55 21.07 21.07
Lm= 22 8.43 8.43
Ls= 127 48.66 48.66
Lc= 0.00
Totals 261 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
% Q 48.72 %Qm 36.54 % Qp 23.85 %Lm 10.78
% F 7.69 % F 7.69 %Lv 23.01 %Lv 26.96
%L 43.59 %Lt 55.77 %Ls 53.14 %Ls 62.25
Totals 100.00 100.00 100.00 100.00
P/F= 0.89 Qp/Q= 0.25 Ls/L= 0.49 Lm/L= 0.08
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Unit; SMC Date: 1/8/95
Sample: O SM C -36 Analyst: G M G
Total pts. 509 Framework pts.= 488 Lithic count pts.=
Counts Percent Counts Percent
Qm 170 34.84 carb intra 0 0.00
K-feldspar 7 1.43 sili intra 0 0.00
plagioclase 12 2.46 matrix 7 1.43
mica 12 2.46 cement 1 0.20
heavy min 1 0.20 indeterminate 0 0.00
matrix (Dickinson) 8 1.64
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 100 33.44
2) 9 3.01
3) 16 5.35
4) 24 8.03
5) 10 3.34
6) 100 33.44
7) 0.00
8) 0.00
9) 0.00
10) 32 10.70
11) 0.00
12) 1 0.33
13) 0.00
14) 7 2.34
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 126 42.14 42.14
Lv= 7 2.34 2.34
Lm= 32 10.70 10.70
Ls= 134 44.82 44.82
Lc= 0.00
Totals 299 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
% Q 60.66 %Qm 34.84 % Q p 47.19 %Lm 18.50
% F 3.89 % F 3.89 %Lv 2.62 %Lv 4.05
%L 35.45 %Lt 61.27 %Ls 50.19 %Ls 77.46
Totals 100.00 100.00 100.00 100.00
P/F= 0.63 Qp/Q = 0.43 Ls/L= 0.45 Lm/L= 0.11
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Appendix B continued
Unit: SM C Date: 1/8/95
Sample: O SM C-37 Analyst: G M G
Total pts.= 515 Framework pts.= 457 Lithic count pts.=
Counts Percent Counts Percent
Qm 213 46.61 carb Intra 0 . 0.00
K-feldspar 1 0.22 sili intra 0 0.00
plagioclase 35 7.66 matrix 8 1.75
mica 16 3.50 calcite (replace.) 28 6.13
heavy min 4 0.88 indeterminate 2 0.44
matrix (Dickinson) 36 7.88
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 12 5.77
2) 6 2.88
3) 19 9.13
4) 38 18.27
5) 9 4.33
6) 26 12.50
7) 11 5.29
8) 7 3.37
9) 0.00
10) 38 18.27
11) 0.00
12) 1 0.48
13) 18 8.65
14) 7 3.37
15) 0.00
16) 2 0.96
17) 14 6.73
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 38 18.27 18.27
Lv= 59 28.37 28.37
Lm= 38 18.27 18.27
Ls= 73 35.10 35.10
Lc= 0.00
Totals 208 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 54.92 % Qm 46.61 %Qp 22.35 %Lm 22.35
% F 7.88 %F 7.88 %Lv 34.71 %Lv 34.71
%L 37.20 %Lt 45.51 %Ls 42.94 %Ls 42.94
Totals 100.00 100.00 100.00 100.00
P/F= 0.97 Qp/Q = 0.15 Ls/L= 0.35 Lm/L= 0.18
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Unit: SMC Date: 1/8/95
Sample: O SM C-38 Analyst: G M G
Total pts.= 515 Framework pts.= 491 Lithic count pts.= 349
Qm
K-feldspar
plagioclase
mica
heavy min
Counts Percent
125 25.46 carb intra
2 0.41 sili intra
15 3.05 matrix
1 0.20 carbonate veins
1 0.20 indeterminate
matrix (Dickinson)
Counts Percent
0.00
0.00
1.22
3.05
0.20
4.28
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 28 8.02
2) 7 2.01
3) 33 9.46
4) 84 24.07
5) 65 18.62
6) 49 14.04
7) 35 10.03
8) 6 1.72
9) 0.00
10) 8 2.29
11) 0.00
12) 0.00
13) 4 1.15
14) 22 6.30
15) 0.00
16) 3 0.86
17) 5 1.43
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 68 19.48 19.48
Lv= 75 21.49 21.49
Lm= 8 2.29 2.29
Ls= 198 56.73 56.73
Lc= 0.00
Totals 349 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
% Q 39.31 %Qm 25.46 %Qp 19.94 %Lm 2.85
% F 3.46 %F 3.46 %Lv 21.99 %Lv 26.69
%L 57.23 %Lt 71.08 %Ls 58.06 %Ls 70.46
Totals 100.00 100.00 100.00 100.00
P/F= 0.88 Qp/Q= 0.35 Ls/L= 0.57 Lm/L= 0.02
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A p p e n d ix  B c o n t in u e d
Unit: AMQ Date: 1/8/95
Sample: O SM C -Q 2 Analyst: GM G
Total pts.: 516 Framework pts.= 485 Lithic count pts.=
Counts Percent Counts Percent
Qm 350 72.16 carb intra 0 0.00
K-feldspar 8 1.65 sili intra 0 0.00
plagioclase 15 3.09 matrix 21 4.33
mica 8 1.65 cement 0 0.00
heavy min 1 0.21 indeterminate 1 0.21
matrix (Dickinson) 21 4.33
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 7 6.25
2) 36 32.14
3) 60 53.57
4) 0.00
5) 0.00
6) 0.00
7) 0.00
8) 0.00
9) 0.00
10) 8 7.14
11) 0.00
12) 0.00
13) 0.00
14) 1 0.89
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 103 91.96 91.96
Lv= 1 0.89 0.89
Lm= 8 7.14 7.14
Ls= 0.00 0.00
Lc= 0.00
Totals 112 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 93.40 %Qm 72.16 %Qp 99.04 %Lm 88.89
%F 4.74 %F 4.74 %Lv 0.96 %Lv 11.11
%L 1.86 %Lt 23.09 %Ls 0.00 %Ls 0.00
Totals 100.00 100.00 100.00 100.00
P/F= 0.65 Qp/Q= 0.23 Ls/L= 0.00 Lm/L= 0.07
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15(1
Unit: Oam Date: 1/8/95
Sample: 93AM Q -4 Analyst: G M G
Total pts.= 477 Framework pts.= 423 Lithic count pts.=
Counts Percent Counts Percent
Qm 363 85.82 carb intra 0 0.00
K-feldspar 3 0.71 sili intra 0 0.00
plagioclase 3 0.71 matrix 18 4.26
mica 6 1.42 qtz. veins 28 6.62
heavy min 2 0.47 indeterminate 0 0.00
matrix (Dickinson) 46 10.87
Lithic Grain Type Counts % Lt
1) (See Description in Table 3) 5 9.26
2) 11 20.37
3) 34 62.96
4) 0.00
5) 0.00
6) 0.00
7) 0.00
8) 0.00
9) 0.00
10) 4 7.41
11) 0.00
12) 0.00
13) 0.00
14) 0.00
15) 0.00
16) 0.00
17) 0.00
Counts %Lt w/oLc Counts %Lt w/Lc
Qp= 50 92.59 92.59
Lv= 0 0.00 0.00
Lm= 4 7.41 7.41
Ls= 0 0.00 0.00
Lc= 0.00
Totals 54 100.00 0 100.00
QFL QmFLt QpLvLs LmLvLs
%Q 97.64 %Qm 85.82 % Qp 100.00 %Lm 100.00
% F 1.42 %F 1.42 %Lv 0.00 %Lv 0.00
%L 0.95 %Lt 12.77 %Ls 0.00 %Ls 0.00
Totals 100.00 100.00 100.00 100.00
P/F= 0.50 Qp/Q= 0.12 Ls/L= 0.00 Lm/L= 0.07
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Appendix C Explanation
Strike and Dip of Beds
[- Inclined
Inclined bed with facing indicator
-|- Vertical
0  Horizontal 
cj. Overturned
Strike and Dip of Foliation
j  Vertical
 ^ Inclined
Contacts
Contact: dashed where inferred
Contact: gradational
Contact: concealed beneatli mapped unit
_4____4 .  à______4.___
Thrust fault: sawteeth on the upper plate; 
dashed w here inferred
Qal
Q uatem a^ Alluvium: Surficial 
deposits in present day valleys
 1------------------------
Normal fault: Ball and bar on the 
downthrown side; dashed where inferred
Folds
^  Upright anticline with direction of plunge 
Upright syncline w ith direction of plunge
^-40 Overturned syncline with direction o f plunge
4 Overturned anticline with direction of plunge
• ; • Location of sandstone samples 
used for pétrographie analysis
MoflFett Creek Formation: Siltstone, 
thin to medium bedded sandstone, 
and blocks o f granule conglomerate 
(gc)
Smc-2
Smc-1
SOd(jr
Oam
Pzu
Moffett Creek Formation: Medium- 
to very thick-bedded sandstone and 
thin-laminated siltstone
MofiFett Creek Formation: Siltstone, 
thin to medium bedded sandstone, 
and minor melange
Ouzel Plwllite: Phyllitic siltstone and 
blocks of'^limestone (Is)
Antelope Mountain Quartzite: 
Medium- to very coarse-grained, 
locally pebbly quartzite
Paleozoic UndiflFerentiated: 
Serpentinite, phyllitic siltstones, and 
a large block o f limestone (Is)
•A' Cross-section line
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Plate 2: Cross-sections A-A' and B-B
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